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Abstract
We estimate the employment effect of a large fi scal stimulus in Spain (PlanE), in which 
the national government transferred funds to municipalities to carry out local investment 
projects. Using a difference-in-difference approach by exploiting variation in the timing of the 
execution of projects across municipalities, we fi nd that 100,000 euros of stimulus reduced 
unemployment by 0.62 jobs per year. We allow for possible spatial effects, i.e. the propagation 
of the stimulus to neighboring municipalities, and fi nd that these are sizable, representing 
8.4% of the “local” effect. We also present evidence on the transmission mechanism, fi nding 
that the effect was: (i) initially concentrated in the construction and industrial sectors, but 
later spilled over to the broader economy, (ii) larger for males than females, (iii) larger when 
the shock represented a higher share of the budget, and (iv) not larger for municipalities 
headed by more educated mayors. Our estimate of the multiplier falls in the lower range of 
previous work.
Keywords: fi scal policy, local fi scal multipliers, spillovers.
JEL classifi cation: E24, E62, H30, H72.
Resumen
En este trabajo, estimamos los efectos en el empleo de un gran estímulo fi scal en España 
(conocido como «Plan E»), por el cual el Gobierno central transfi rió fondos a los municipios 
para llevar a cabo proyectos de inversión. Explotando la variación temporal en la ejecución de 
los proyectos en los distintos municipios mediante un análisis de diferencias en diferencias, 
encontramos que 100.000 euros de estímulo redujeron el desempleo en 0,62 empleos-año. 
Consideramos la posibilidad de que existan efectos espaciales, esto es, la propagación 
del estímulo a municipios vecinos, y encontramos que son considerables: suponen un
8,4 % del efecto «local». También presentamos evidencia sobre la transmisión del estímulo, y 
vemos que el efecto: i) estuvo inicialmente concentrado en la construcción y en la industria, 
pero se extendió luego al resto de la economía; ii) fue mayor para los hombres que para 
las mujeres; iii) fue mayor cuando el estímulo fue más grande en proporción al presupuesto 
municipal, y iv) no fue mayor en municipios con alcaldes de un mayor nivel educativo. 
Nuestra estimación del multiplicador se encuentra en el rango inferior de lo hallado por 
estudios anteriores.
Palabras clave: política fi scal, multiplicadores fi scales locales, efectos de desbordamiento.
Códigos JEL: E24, E62, H30, H72.
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R6Q` 2tKTH2- BM i?2 +b2 Q7 i?2 lMBi2/ aii2b- i?2 kyyN K2`B+M _2+Qp2`v M/ _2BMp2biK2Mi +i
U__V bii2b 2KTHQvK2Mi T`Qi2+iBQM M/ 2tTMbBQM b Bib T`BK`v Q#D2+iBp2bX
kq?2M mbBM; p`BiBQM 7`QK ;;`2;i2 iBK2 b2`B2b /i- }b+H TQHB+B2b Q`B;BMi2/ #v  `2bTQMb2 iQ +?M;BM;
K+`Q2+QMQKB+ +QM/BiBQMb +MMQi #2 mb2/ iQ 2bi#HBb?2/  +mbH `2HiBQMb?BTX a22 7Q` 2tKTH2 LFKm`
M/ ai2BMbbQM UkyR9V M/ am`2x a2``iQ M/ qBM;2M/2` UkyReV b 2tKTH2b Q7 mbBM; /Bb;;`2;i2/ /i iQ
+B`+mKp2Mi i?Bb 2KTB`B+H +?HH2M;2X
jhQ i?2 #2bi Q7 Qm` FMQrH2/;2- QMHv irQ Qi?2` `2b2`+? TT2`b ?p2 mb2/ SHM 1 /iX JQMiQHBQ UkyR3V
bim/B2b i?2 2z2+ib Q7 i?2 THM QM +`BK2 mbBM; /i 7`QK i?2 `2;BQM Q7 *iHQMBX *`QxxB M/ _2T2iiQ UkyRdV
bim/v ?Qr HQ+H ;Qp2`MK2Mib HHQ+i2/ BMp2biK2Mi T`QD2+ib +`Qbb M2B;?#Q`?QQ/bX
96Q` i?Bb- r2 7QHHQr i?2 2KTB`B+H /2bB;M Q7 >m#2` UkyR3V- r?B+? Bb #b2/ QM //BM; iQ i?2 #b2HBM2
2[miBQM i?2 b?Q+F BM KmMB+BTHBiB2b i?i 7HH rBi?BM  ;Bp2M `/Bmb Q7 iX
R AMi`Q/m+iBQM
AM i?2 Hbi /2+/2- i?2`2 ?b #22M  `2M2r2/ ii2MiBQM iQ }b+H TQHB+vX :Bp2M  K+`Q2+QMQKB+
2MpB`QMK2Mi +?`+i2`Bx2/ #v  +QMbi`BM2/ KQM2i`v TQHB+v- mM/2`biM/BM; ?Qr 2z2+iBp2
;Qp2`MK2Mi BMBiBiBp2b `2 BM biBKmHiBM; i?2 2+QMQKv ?b #2+QK2 M BKTQ`iMi iQTB+ Q7
/Bb+mbbBQM KQM; +/2KB+b M/ TQHB+v KF2`bX h?Bb Bb T`iB+mH`Hv `2H2pMi r?2M MHvxBM;
i?2 2tTMbBQM`v }b+H THMb i?i r2`2 2M+i2/ BM `2+2Mi v2`b iQ biBKmHi2 2KTHQvK2Mi
;`Qri? /m`BM; `2+2bbBQMbXR >Qr2p2`- Bi Bb +?HH2M;BM; iQ B/2MiB7v i?2 +mbH 2z2+ib Q7 bm+?
THMbXk
AM i?Bb TT2`- r2 2biBKi2 i?2 2KTHQvK2Mi 2z2+ib Q7  H`;2- mMMiB+BTi2/ }b+H biBKmHmb
BM aTBM USHM 1bTƢQH T` 2H 1biőKmHQ /2 H 1+QMQKő v 2H 1KTH2Q- i?2 aTMBb? SHM 7Q`
i?2 aiBKmHmb Q7 i?2 1+QMQKv M/ 1KTHQvK2Mi- +QKKQMHv FMQr b SHM 1VX h?Bb biBKmHmb-
TT`Qp2/ BM kyy3- +?MM2H2/ HKQbi Rj #BHHBQM 2m`Qb U`QmM/ RXkW Q7 aTMBb? :.SV iQ
KmMB+BTH ;Qp2`MK2Mib iQ 2t2+mi2 Tm#HB+ BMp2biK2Mi THMbXj
AM Qm` 2KTB`B+H MHvbBb- r2 mb2 KmMB+BTHBiv M/ KQMi?Hv@H2p2H /i QM mM2KTHQvK2Mi
M/ i?2 biBKmHmbX q?BH2 HH KmMB+BTHBiB2b `2+2Bp2/ i?2 bK2 KQmMi Q7 `2bQm`+2b UBM T2`
+TBi i2`KbV- i?2`2 rb p`BiBQM BM i?2 iBKBM; Q7 i?2 2t2+miBQM Q7 i?2 T`QD2+ibX q2 2tTHQBi
i?Bb p`BiBQM BM Qm` 2biBKiBQM- T2`7Q`KBM;  /Bz2`2M+2@BM@/Bz2`2M+2 MHvbBb iQ 2bi#HBb? 
+mbH `2HiBQMb?BTX h?2 F2v bbmKTiBQM Bb i?i ǳ2`HvǴ M/ ǳHi2Ǵ bi`i2`b r2`2 QM T`HH2H
i`2M/b `QmM/ i?2 iBK2 Q7 i?2 biBKmHmbX q?BH2 r2 +MMQi /B`2+iHv i2bi r?2i?2` i?Bb rb i?2
+b2- r2 T2`7Q`K  i2bi Q7 T`HH2H i`2M/b i?`Qm;? M 2p2Mi bim/v- BX2X r2 /Q TH+2#Q i2bib
iQ b22 r?2i?2` ǳ2`HvǴ M/ ǳHi2Ǵ bi`i2`b r2`2 QM T`HH2H i`2M/b BM i?2 KQMi?b #27Q`2 i?2
biBKmHmbX _2bbm`BM;Hv- i?2 `2bmHib Q7 i?2b2 i2bib BM/B+i2 i?i i?Bb rb BM/22/ i?2 +b2X
q2 i?2M 2ti2M/ Qm` #2M+?K`F bT2+B}+iBQM iQ MHvx2 TQi2MiBH bTiBH 2z2+ib- BX2X
?Qr  }b+H biBKmHmb BM KmMB+BTHBiv i z2+i2/ Qi?2` KmMB+BTHBiB2b +HQb2 iQ iX9 _2bi`B+iBM;
i?2 2biBKiBQM Q7 i?2 }b+H biBKmHmb iQ  T`iB+mH` KmMB+BTHBiv B;MQ`2b irQ BKTQ`iMi
bT2+ibX 6B`bi- Bi QKBib  /B`2+i 2z2+i- T`iB+mH`Hv `2H2pMi 7Q` i?2 +b2 Q7 bKHH M/ K2/BmK@
bBx2/ KmMB+BTHBiB2b- /m2 iQ i?2 7+i i?i bQK2 Q7 i?2 rQ`Fb Kv #2 +QMi`+i2/ iQ }`Kb BM
M2B;?#Q`BM; UTQi2MiBHHv H`;2`V KmMB+BTHBiB2bX a2+QM/- Bi B;MQ`2b ;2M2`H 2[mBHB#`BmK 2z2+ib-
bBM+2 2M?M+2/ HQ+H 2+QMQKB+ +iBpBiv +QmH/ bTBHHQp2` iQ +HQb2 `2bX
Pm` 2biBKi2 Q7 i?2 DQ#b KmHiBTHB2` Ui?2 MmK#2` Q7 DQ#b +`2i2/ T2` KBHHBQM 2m`Qb Q7
Tm#HB+ bT2M/BM;V Bb 8Xd DQ#b i i?2 T2F UbB;MB}+Mi i +QMp2MiBQMH H2p2HbVX _2;`/BM; i?2
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86Q`  `2pB2r- b22 *?Q/Q`Qr@_2B+? UkyRNVX JQ`2 #`Q/Hv- Qm` TT2` Bb `2Hi2/ iQ i?2 HBi2`im`2 i?i
mb2b  bm#@MiBQMH H2p2H Q7 MHvbBb iQ 2biBKi2 HQ+H BM+QK2 KmHiBTHB2`běb22- 7Q` 2tKTH2- LFKm` M/
ai2BMbbQM UkyR9VX
eh?Bb MmK#2` +QK2b 7`QK  +H+mHiBQM #v *?Q/Q`Qr@_2B+? UkyRNV- b qBHbQM UkyRkV /Q2b MQi T`QpB/2
M 2biBKi2 Q7 i?2 +mKmHiBp2 KmHiBTHB2`X
+mKmHiBp2 KmHiBTHB2` Ui?2 bmK Q7 i?2 TQBMi KmHiBTHB2`b Qp2` i?2 +QMbB/2`2/ ?Q`BxQMV- r2 }M/
i?i Ryy-yyy 2m`Qb `2/m+2/ mM2KTHQvK2Mi #v yXek DQ#@v2`bX Pm` `2bmHib HbQ TQBMi iQ i?2
T`2b2M+2 Q7 bm#biMiBH bTiBH 2z2+ib- `2T`2b2MiBM; 3X9W Q7 i?2 HQ+H 2z2+i UM/ #Qmi kyW
/m`BM; i?2 }`bi e KQMi?bVX
q?BH2 DQ#b KmHiBTHB2`b `2 M Q#D2+i Q7 BMi2`2bi BM i?2B` QrM `B;?i Ub22- 2X;X- qBHbQM
UkyRkVV- i?2v Qz2` M BM+QKTH2i2 pB2r Q7 i?2 Qp2`HH 2z2+ib Q7 i?2 biBKmHmbX hQ UT`iBHHvV
//`2bb i?Bb Bbbm2- r2 7QHHQr *?Q/Q`Qr@_2B+? UkyRNV M/ i`MbHi2 i?2 2KTHQvK2Mi KmHiBTHB2`
iQ M QmiTmi KmHiBTHB2`X Pm` 2biBKi2b `2 +QMbBbi2Mi rBi? M QmiTmi KmHiBTHB2` Q7 yXjĜyX8X
h?Bb };m`2 `2T`2b2Mib  bi`B+i HQr2` #QmM/- bBM+2 Qm` TT`QtBKiBQM B;MQ`2b i?i M2r Tm#HB+
+TBiH +QmH/ 2M?M+2 2+QMQKB+ +iBpBiv BM i?2 K2/BmK M/ HQM; `mMX
6BMHHv- r2 T`QpB/2 2pB/2M+2 QM i?2 i`MbKBbbBQM +?MM2H Q7 i?2 biBKmHmbX q2 }M/ i?i,
UBV KQbi Q7 i?2 2z2+i rb BMBiBHHv BM i?2 +QMbi`m+iBQM M/ BM/mbi`BH b2+iQ`b- #mi Hi2` bTBHH2/
Qp2` iQ i?2 #`Q/2` 2+QMQKv- UBBV i?2 biBKmHmb `2/m+2/ KH2 KQ`2 i?M 72KH2 mM2KTHQvK2Mi-
bm;;2biBM; MQM@M2mi`H ;2M/2` BKTHB+iBQMb Q7 i?2 }b+H +iBQM- UBBBV r?BH2 HH KmMB+BTHBiB2b
`2+2Bp2/ i?2 bK2 UT2` +TBiV KQmMi Q7 `2bQm`+2b- i?2 biBKmHmb rb KQ`2 2z2+iBp2 r?2M i?2
`2+2Bp2/ KQmMi `2T`2b2Mi2/  ?B;?2` T2`+2Mi;2 Q7 i?2 #m/;2i- M/ UBpV i?2`2 Bb MQ 2pB/2M+2
i?i i?2 biBKmHmb rb KQ`2 2z2+iBp2 BM `2/m+BM; mM2KTHQvK2Mi BM KmMB+BTHBiB2b rBi? KQ`2
2/m+i2/ KvQ`bX
Pm` rQ`F +QMi`B#mi2b iQ i?2 ;`QrBM; HBi2`im`2 i?i 2KTHQvb bm#@MiBQMH mMBib Q7 MH@
vbBb iQ 2biBKi2 DQ#b KmHiBTHB2`bX8 a2p2`H TT2`b ?p2 bim/B2/ i?2 2z2+ib Q7 i?2 K2`B+M
_2+Qp2`v M/ _2BMp2biK2Mi +i U__V- rBi?  rB/2 `M;2 Q7 2biBKi2bX 6Q` 2tKTH2- r?BH2
*?Q/Q`Qr@_2B+?- 62Bp2bQM- GBb+Qr- M/ qQQHbiQM UkyRkV }M/ i?i RyyE /QHH`b BM+`2b2/
2KTHQvK2Mi #v jX3 DQ#@v2`b- *QMH2v M/ .mTQ` UkyRjV }M/ i?i RyyE /QHH`b BM+`2b2/
2KTHQvK2Mi #v yX8 DQ#@v2`b B7 7mM;B#BHBiv #2ir22M __ M/ HQbi it `2p2Mm2 Bb BKTQb2/
UyXde B7 7mM;B#BHBiv MQi BKTQb2/VX h?2 2biBKi2 BKTHB2/ #v qBHbQM UkyRkV- RXd8 DQ#@v2`b-
7HHb BM #2ir22M i?2 Qi?2` irQXe LQM@__ TT2`b ?p2 7QmM/ UQM p2`;2V H`;2` KmHiBTHB@
2`bX 6Q` 2tKTH2- am`2x a2``iQ M/ qBM;2M/2` UkyReV }M/ i?i RyyE bT2M/BM; BM+`2b2b
2KTHQvK2Mi #v jXk8 DQ#@v2`b r?BH2 a?Q; UkyR8V 2biBKi2b i?Bb KmHiBTHB2` i kX3N DQ#@v2`bX
q2 +QMi`B#mi2 iQ i?Bb HBi2`im`2 BM p`BQmb rvbX 6B`bi- r2 2tTHQBi M `;m#Hv 2tQ;2MQmb
p`BiBQM BM i?2 iBKBM; Q7 i?2 BKTH2K2MiiBQM Q7 i?2 biBKmHmb- HHQrBM; mb iQ T`QpB/2 +`2/B#H2
2biBKi2 Q7 +mbH 2z2+ibX AM i?Bb `2;`/- r2 T`QpB/2 2pB/2M+2 bmTTQ`iBM; i?2 B/2MiB}+iBQM
bbmKTiBQM i?`Qm;? M 2p2Mi bim/v- BX2X TH+2#Q i2bib QM H;;2/ Qmi+QK2bX a2+QM/- r2
2KTHQv  p2`v }M2 mMBi Q7 Q#b2`piBQM i #Qi? i?2 +`Qbb@b2+iBQMH H2p2H UKmMB+BTHBivV M/
i?2 iBK2 H2p2H UKQMi?HvVX >2M+2- r2 ?p2  H`;2 MmK#2` Q7 Q#b2`piBQMb Uj-k88 KmMB+BTHBiB2b
Qp2` Ry3 KQMi?bV M/ Q#iBM T`2+Bb2 2biBKi2bXd hQ i?2 #2bi Q7 Qm` FMQrH2/;2- r2 `2 i?2
d6Q` 2tKTH2- qBHbQM UkyRkV Q#iBMb  N8W +QM}/2M+2 BMi2`pH Q7 (RXR-R8) 7Q` i?2 QM2@v2` TQBMi KmHiBTHB2`-
r?BH2 Qm`b Bb j8W bKHH2` U(yXR-N)VX
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3/KBii2/Hv- i?2 bBx2 Q7 bTiBH 2z2+ib Kv #2 +QMiBM;2Mi QM i?2 bBx2 Q7 i?2 mMBi Q7 MHvbBb- BX2X Bi Kv
#2 KQ`2 `2H2pMi i i?2 KmMB+BTHBiv H2p2H i?M i  H`;2` H2p2HX
k "+F;`QmM/, h?2 SHM 1 aiBKmHmb
aTBM rb ?2pBHv z2+i2/ #v i?2 :`2i _2+2bbBQM i?i bi`i2/ BM kyydX :.S ;`Qri? bHQr2/
/QrM iQ RXRW BM kyy3 U7`QK 9Xk M/ jX3W BM kyye M/ kyyd- `2bT2+iBp2HvVX h?2 KQbi /`KiB+
+?M;2 i i?2 #2;BMMBM; Q7 i?2 +`BbBb- ?Qr2p2`- rb i?2 /2i2`BQ`iBQM Q7 i?2 H#Q` K`F2iX
lM2KTHQvK2Mi `i2 bQ`2/ 7`QK 3XkW BM kyyd iQ RRXkW BM kyy3XN lM2KTHQvK2Mi `i2 F2Ti
QM ;`QrBM; /m`BM; i?2 7QHHQrBM; v2`b- `2+?BM;  T2F i keW BM kyRjX
AM i?Bb +QMi2ti- i?2 ;Qp2`MK2Mi Q7 T`BK2` KBMBbi2` CQbû GmBb _Q/`ő;m2x wTi2`Q T@
T`Qp2/- QM LQp2K#2` k3- kyy3-  }b+H biBKmHmb rBi? i?2 ;QH Q7 ǳ+`2iBM; DQ#bǴX h?`Qm;?
i?Bb biBKmHmb- Q{+BHHv MK2/ i?2 6QM/Q 1biiH /2 AMp2`bBƦM GQ+H M/ TQTmH`Hv FMQrM
b SHM 1-Ry i?2 MiBQMH ;Qp2`MK2Mi rQmH/ i`Mb72` 3 #BHHBQM 2m`Qb iQ KmMB+BTHBiB2b T`Q@
TQ`iBQMHHv iQ i?2B` TQTmHiBQM bBx2, 2+? KmMB+BTHBiv rQmH/ `2+2Bp2 mT iQ Rdd 2m`Qb T2`
+TBi- r?B+? ?/ iQ #2 bT2Mi QM HQ+H Tm#HB+ BMp2biK2Mi T`QD2+ib- Q7 mT iQ 8 KBHHBQM 2m`Qb
T2` T`QD2+iX AKTQ`iMiHv- i?2 biBKmHmb rb TT`Qp2/ r?2M i?2 #m/;2ib 7Q` i?2 M2ti v2`
NAi ?b #22M `;m2/ i?i i?Bb rb /m2 iQ i?2 `B;B/Biv Q7 i?2 H#Q` K`F2i- r?B+? K/2 }`Kb iQ /Dmbi
i?`Qm;? 2KTHQvK2Mi `i?2` i?M r;2b- M/ iQ i?2 H`;2 ;T #2ir22M i?2 }`BM; +Qbib Q7 T2`KM2Mi M/
i2KTQ``v +QMi`+ib U"2MiQHBH- *?m+- .QH/Q- M/ G2 "`#M+?QM UkyRkVVX
Ryq?2M BMBiBHHv +QM+2Bp2/- i?2 }b+H biBKmHmb rb ;Bp2M i?2 Q{+BH MK2 Q7 6QM/Q 1biiH /2 AMp2`bBƦM
GQ+HX  v2` Hi2`-  b2+QM/ rp2 rb TT`Qp2/ mM/2` i?2 MK2 Q7 6QM/Q 1biiH T` 2H 1KTH2Q v H
aQbi2MB#BHB// GQ+HX "Qi? rp2b `2 +QKKQMHv `272``2/ iQ b SHM 1X
}`bi iQ mb2 KmMB+BTHBiv M/ KQMi?Hv /i iQ 2biBKi2 }b+H KmHiBTHB2`bX h?B`/- r2 2ti2M/
i?2 #2M+?K`F 7`K2rQ`F Q7 HQ+H }b+H KmHiBTHB2`b M/ 2biBKi2 bTiBH 2z2+ib- BX2X i?2
BKT+i Q7  biBKmHmb BM  ;Bp2M KmMB+BTHBiv QM M2B;?#Q`BM; KmMB+BTHBiB2bX 6Qm`i?- r2
T`QpB/2 2pB/2M+2 QM i?2 mM/2`HvBM; i`MbKBbbBQM +?MM2H #v 2tTHQBiBM; /2iBH2/ /i QM i?2
b2+iQ`H +QKTQbBiBQM Q7 mM2KTHQvK2Mi- #m/;2i bBx2- M/ i?2 2/m+iBQM H2p2H Q7 KvQ`bX
Pm` 2biBKi2b Q7 i?2 KmHiBTHB2` 7HH BM i?2 HQr2` `M;2 Q7 T`2pBQmb 2biBKi2bX Pm` TT2`
HbQ bm;;2bib i?i Bi Bb BKTQ`iMi iQ iF2 bTiBH 2z2+ib BMiQ ++QmMi r?2M 2biBKiBM; HQ+H
}b+H KmHiBTHB2`bX3 aiBHH- Qm` 2biBKi2 Q7 i?2 KmHiBTHB2` `2KBMb BM i?2 HQr2` `M;2 Q7 T`2pBQmb
rQ`F 2p2M 7i2` BM+Hm/BM; bTiBH 2z2+ibX Pm` DQ#b KmHiBTHB2` UM/ BKTHB2/ QmiTmi KmHiBTHB2`bV
`2 +QKTiB#H2 BM bBx2 rBi? ;;`2;i2 2biBKiBQMb Q7 MiBQM@rB/2 2z2+ibX h?Bb 2pB/2M+2
bm;;2bib i?i i?2`2 KB;?i #2 BMbiM+2b r?2`2 i?2 HQ+H KmHiBTHB2`b `2 MQi Hrvb H`;2` i?M
MiBQM@rB/2 KmHiBTHB2`bX 6QHHQrBM; 6`?B M/ q2`MBM; UkyReV- r2 `;m2 i?i i?Bb KB;?i #2
i?2 +b2 7Q` +QmMi`B2b #2HQM;BM; iQ  +m``2M+v mMBQM- HBF2 aTBMX
h?2 `2bi Q7 i?2 TT2` Bb Q`;MBx2/ b 7QHHQrbX a2+iBQM k T`QpB/2b bQK2 #+F;`QmM/ QM i?2
SHM 1 biBKmHmbX a2+iBQM j /2b+`B#2b i?2 /i M/ i?2 2KTB`B+H bi`i2;vX a2+iBQM 9 T`2b2Mib
i?2 KBM `2bmHib M/ `Q#mbiM2bb +?2+FbX a2+iBQM 8 2ti2M/b i?2 MHvbBb iQ iF2 bTiBH 2z2+ib
BMiQ ++QmMiX a2+iBQM e /Bb+mbb2b i?2 K;MBim/2 Q7 2biBKi2b BM HB;?i Q7 T`2pBQmb HBi2`im`2X
a2+iBQM d HQQFb BMiQ i?2 i`MbKBbbBQM K2+?MBbKX a2+iBQM 3 +QM+Hm/2bX
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RRh?Bb +M #2 +H2`Hv ;i?2`2/ 7`QK 6B;m`2 R- r?B+? THQib +TBiH i`Mb72`b Qp2` iBK2X *TBiH i`Mb72`b
`2 i?2 7mM/b `2+2Bp2/ #v KmMB+BTHBiB2b 7`QK ?B;?2`@Q`/2` Tm#HB+ /KBMBbi`iBQMb UBM+Hm/BM; i?2 MiBQMH
;Qp2`MK2MiV iQ mM/2`iF2 +TBiH 2tT2M/Bim`2b- bm+? b BM7`bi`m+im`2 rQ`FX 6B;m`2 R b?Qrb i?i- r?2M
i?2 #m/;2ib r2`2 /`7i2/ U#Hm2 HBM2V- 7mM/b `2+2Bp2/ iQ 2t2+mi2 +TBiH 2tT2M/Bim`2b r2`2 2tT2+i2/ iQ `2KBM
`Qm;?Hv bi#H2X h?2 +imH- 2t2+mi2/ #m/;2i U`2/ HBM2V `2~2+ib i?i KmMB+BTHBiB2b `2+2Bp2/ M mM2tT2+i2/
KQmMi Q7 `2bQm`+2b #Qi? BM kyyN M/ kyRy iQ 7mM/ Tm#HB+ BMp2biK2MiX
Rka22 JBMBbi2`BQ /2 SQHőiB+ h2``BiQ`BH v /KBMBbi`+BƦM Sȹ#HB+ UkyRyVX
UkyyNV ?/ H`2/v #22M TT`Qp2/- M/ ?2M+2 7mM/BM; +QmH/ MQi #2 /2pQi2/ iQ HQ+H BMp2bi@
K2Mi BM+Hm/2/ BM i?2 kyyN #m/;2iXRR _i?2`- iQ Q#iBM i?2 7mM/b- KmMB+BTHBiB2b ?/ iQ
bm#KBi T`QD2+i T`QTQbHb iQ i?2 MiBQMH ;Qp2`MK2MiX b +M #2 b22M BM SM2H UV Q7 6B;m`2
k- HKQbi HH KmMB+BTHBiB2b `2+2Bp2/ i?2 KtBKmK TQbbB#H2 KQmMi Rdd 2m`Qb T2` +TBiě
;Bp2M i?i i?Bb rb 7`22 KQM2v 7`QK  KmMB+BTHBivǶb T2`bT2+iBp2- i?2`2 rb MQ BM+2MiBp2
MQi iQ bF 7Q` BiX S`QD2+ib r2`2 bm#KBii2/ 7`QK .2+2K#2` Ry- kyy3 iQ CMm`v k9- kyyN-
M/ TT`Qp2/ UQ`- BM p2`v 72r +b2b- `2D2+i2/V #v i?2 MiBQMH ;Qp2`MK2Mi 7`QK CMm`v iQ
J`+? kyyNX 7i2` i?2 TT`QpH Q7 T`QD2+ib- HQ+H ;Qp2`MK2Mib ?/ iQ 7QHHQr  i2M/2` T`Q+2@
/m`2 iQ r`/ i?2 +QMi`+ibX h?Bb T`Q+2/m`2 Hbi2/  KtBKmK Q7 7Qm` KQMi?b- 7i2` r?B+?
+QMbi`m+iBQM ?/ iQ bi`iX M BKTQ`iMi 72im`2 BM i?2 /2bB;M Q7 i?2 SHM 1 Bb i?2 bT2+BH
2KT?bBb TH+2/ QM `2/m+BM; i?2 ;T #2ir22M i?2 bm#KBbbBQM M/ i?2 TT`QpH Q7 T`QD2+ib
Ui?`Qm;?  MQp2H 2H2+i`QMB+ bvbi2K 7Q` T`QD2+i bm#KBbbBQMbV M/ #2ir22M i?2 TT`QpH M/
i?2 2t2+miBQM Q7 T`QD2+ib UbT2+BH T`QpBbBQMb HHQr2/ i?2 i2M/2` T`Q+2/m`2b iQ #2 +QM/m+i2/
i?`Qm;? M 2tT2/Bi2/ T`Q+2bbVX lTQM TT`QpH Q7 i?2 T`QD2+ib- KmMB+BTHBiB2b `2+2Bp2/ mT
iQ dyW Q7 i?2 #m/;2i +Qbi Q7 i?2 rQ`Fb- rBi? i?2 `2KBMBM; 7mM/b #2BM; `2BK#m`b2/ mTQM
+QKTH2iBQMX AM i?Bb }`bi rp2- 3-Ry3 Qmi Q7 3-RRk aTMBb? KmMB+BTHBiB2b T`iB+BTi2/ BM i?2
SHM 1- T`2b2MiBM;  iQiH Q7 jy-dyy T`QD2+ib rBi? M TT`QpH `iBQ #Qp2 NNX8WXRk
AM kyRy-  b2+QM/ rp2 Q7 i?2 biBKmHmb U6QM/Q 1biiH T` 2H 1KTH2Q v H aQbi2MB#BHB//
GQ+HV- rb BKTH2K2Mi2/X h?2 T`Q+2/m`2 rb p2`v bBKBH` iQ i?2 QM2 Q7 i?2 }`bi rp2- #mi
i?2 bBx2 rb bKHH2`, KmMB+BTHBiB2b +QmH/ MQr `2+2Bp2 mT iQ Ry3 2m`Qb T2` +TBi- rBi? i?2
iQiH biBKmHmb KQmMiBM; iQ 8 #BHHBQM 2m`QbX AM i?Bb rp2- i?2`2 rb  bT2+BH T`QpBbBQM i?i
HHQr2/ KmMB+BTHBiB2b iQ mb2 mT iQ kyW Q7 i?2 biBKmHmb BM 7mM/BM; KmMB+BTH ;Qp2`MK2Mi
+QMbmKTiBQM Ub `2~2+i2/ BM i?2 HQ+H #m/;2iVX "2+mb2 Q7 i?Bb `2bQM- MQi HH KmMB+BTHBiB2b
HHQ+i2/ i?2 `2bQm`+2b BM Tm#HB+ BMp2biK2Mi T`QD2+ib- b +M #2 b22M BM BM SM2H U#V Q7
6B;m`2 kXRj AM i?2 b2+QM/ rp2- i?2`2 r2`2 k8-jek bm#KBbbBQMb `2;`/BM; Tm#HB+ BMp2biK2Mi
T`QD2+ib- rBi? M TT`QpH `i2 Q7 NNXNWXR9
Pp2`HH- i?2 }b+H THM ?/ irQ +?`+i2`BbiB+b i?i KF2 Bi M TT2HBM; b2iiBM; iQ 2b@
iBKi2 HQ+H }b+H KmHiBTHB2`bX 6B`bi- i?2 biBKmHmb rb p2`v H`;2 [mMiBiiBp2HvX `QmM/
Rj-yyy KBHHBQM 2m`Qb r2`2 bT2Mi- KQmMiBM; iQ RXkW Q7 :.S- Q` irB+2 i?2 iQiH v2`Hv Km@
MB+BTH #m/;2i BM Tm#HB+ BMp2biK2MiX SJ wTi2`Q K2MiBQM2/ i?i i?2 SHM 1 BKTHB2/ ǳM
mMT`2+2/2Mi2/ KQ#BHBxiBQM Q7 Tm#HB+ `2bQm`+2bǴX h?2 H`;2 bBx2 Q7 i?2 b?Q+F rBHH HHQr mb
iQ Q#iBM T`2+Bb2 2biBKi2bX a2+QM/- i?2 biBKmHmb rb KQbiHv mMMiB+BTi2/X h?2 TT`QpH
RjPM p2`;2- R9X3 Q7 i?2 biBKmHmb `2bQm`+2b r2`2 HHQ+i2/ iQ HQ+H ;Qp2`MK2Mi +QMbmKTiBQM- rBi? i?2
`2KBMBM; 38XkW #2BM; HHQ+i2/ iQ Tm#HB+ BMp2biK2Mi T`QD2+ibX q2 ++QmMi 7Q` i?Bb bT2+BH 72im`2 BM Qm`
2KTB`B+H bi`i2;v /2b+`B#2/ BM a2+iBQM jXkX
R9a22 JBMBbi2`BQ /2 SQHőiB+ h2``BiQ`BH v /KBMBbi`+BƦM Sȹ#HB+ UkyRRVX
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v U V
R8h?2 }`bi Tm#HB+ MMQmM+2K2Mi Q7 i?2 TT`QpH rb QM LQp2K#2` kk- r?2M SJ wTi2`Q MMQmM+2/
ǳ#v bm`T`Bb2Ǵ i?i ?2 rQmH/ #2 HvBM; Qmi bQK2 ǳ7bi- KmMB+BTHBiv@#b2/Ǵ +iBQMb iQ biBKmHi2 i?2 2+QMQKv
U.ő2x Ukyy3VVX
ReJQ`2 T`2+Bb2Hv- r2 7Q+mb QM KmMB+BTHBiB2b r?Qb2 TQTmHiBQM rb H`;2` i?M R-yyy BM kyyd Ui?2 v2`
#27Q`2 i?2 }`bi rp2 Q7 biBKmHmbVX 6Q` p2`v bKHH KmMB+BTHBiB2b- `2;Bbi2`2/ 2KTHQvK2Mi biiBbiB+b QMHv `2TQ`i
;;`2;i2 };m`2bX
q2 mb2 /i QM i?2 }b+H biBKmHmb M/ mM2KTHQvK2Mi i i?2 KmMB+BTHBiv@KQMi? H2p2HX h?2`2
`2 3-RRk KmMB+BTHBiB2b BM aTBMX :Bp2M i?i KMv Q7 i?2b2 KmMB+BTHBiB2b `2 p2`v bKHH
M/ 2KTHQvK2Mi biiBbiB+b `2 K2bm`2/ rBi? KQ`2 2``Q`- r2 rBHH 7Q+mb QM KmMB+BTHBiB2b Q7
KQ`2 i?M R-yyy BM?#BiMib Uj-k88 KmMB+BTHBiB2bVXRe Pm` bKTH2 T2`BQ/ +Qp2`b HH KQMi?b
7`QK CMm`v kyye iQ .2+2K#2` kyR9X
Pm` /i 7Q` i?2 }b+H biBKmHmb +QK2b 7`QK i?2 JBMBbi`v Q7 Sm#HB+ /KBMBbi`iBQM UJBMBb@
i2`BQ /2 SQHőiB+ h2``BiQ`BH v /KBMBbi`+BƦM Sȹ#HB+VX 6Q` 2+? T`QD2+i- r2 +M Q#b2`p2 i?2
/i2b BM r?B+? +QMbi`m+iBQM bi`i2/ M/ }MBb?2/- Bib bBx2 UBX2X i?2 KQmMi Q7 KQM2v bT2Mi QM
BiV- M/  bmKK`v /2b+`BTiBQM Q7 i?2 T`QD2+i U2X;X BM/mbi`BH T`QKQiBQM pbX `27m`#Bb?K2Mi Q7
M 2tBbiBM; Tm#HB+ #mBH/BM;VX Pm` bKTH2 +QMbBbib Q7  iQiH Q7 #Qmi 8e-yyy T`QD2+ib Ujy-dyy
BM i?2 }`bi rp2VX h?2 p2`;2 bBx2 Q7 T`QD2+ib rb kR8-kNy 2m`Qb UK2/BM, d8-yyyV- `M;BM;
7`QK j-yyy iQ 8-3yy-yyy 2m`QbX AM Qm` MHvbBb- r2 7Q+mb QM i?2 bi`iBM; /i2 Q7 +QMbi`m+@
iBQM bBM+2 Bi T`QtB2b 7Q` i?2 KQK2Mi r?2M }`Kb iF2 2+QMQKB+ /2+BbBQMb UT`iB+mH`Hv- ?B`BM;
rQ`F2`bVX :Bp2M i?i Qm` mMBi Q7 Q#b2`piBQM rBHH #2 i?2 KmMB+BTHBiv@KQMi?- r2 ;;`2;i2
i?2 iQiH KQmMi bT2Mi #v KmMB+BTHBiv M/ KQMi?X >2M+2- Qm` i`2iK2Mi p`B#H2- xi,t- rBHH
#2 i?2 UT2` +TBiV KQmMi bT2Mi #v KmMB+BTHBiv i QM T`QD2+ib i?i bi`i2/ /m`BM; KQMi? tX
Pm` mM2KTHQvK2Mi /i +QK2b 7`QK i?2 JBMBbi`v Q7 1KTHQvK2Mi M/ aQ+BH a2+m`Biv
UJBMBbi2`BQ /2 1KTH2Q v a2;m`B// aQ+BHVX q2 +M Q#b2`p2 i?2 MmK#2` Q7 `2;Bbi2`2/ mM2K@
THQv2/ BM/BpB/mHb #v KmMB+BTHBiv M/ KQMi?X Pm` Qmi+QK2 p`B#H2- yi,t- Bb i?2 HQ;`Bi?K Q7
i?2 MmK#2` Q7 mM2KTHQv2/ BM/BpB/mHb BM KmMB+BTHBiv i BM KQMi? tX AM //BiBQM iQ i?2 iQiH
MmK#2` Q7 mM2KTHQv2/- r2 +M Q#b2`p2 bQK2 /2KQ;`T?B+ M/ b2+iQ`BH +?`+i2`BbiB+b, i?2
MmK#2` Q7 mM2KTHQv2/ #v ;2M/2`- #v ;2 ;`QmT UH2bb i?M k8- k8Ĝ98- M/ KQ`2 i?M 98 v2`b
QH/V- M/ #v b2+iQ` U+QMbi`m+iBQM- BM/mbi`v- b2`pB+2b- M/ ;`B+mHim`2VX hQ b?2/ HB;?i QM i?2
Q7 i?2 SHM 1 QM k3 LQp2K#2` kyy3 +K2 b  bm`T`Bb2XR8 7i2` i?2 TT`QpH- i?2 T`Q+2bb
7QHHQr2/ mMiBH i?2 #2;BMMBM; Q7 +QMbi`m+iBQM rb 2ti`2K2Hv 7biX b +M #2 b22M BM 6B;m`2
R- r?B+? b?Qrb i?2 bi`iBM; /i2b Q7 i?2 T`QD2+ib- +QMbi`m+iBQM ?/ bi`i2/ BM d8W Q7 i?2
T`QD2+ib }p2 KQMi?b 7i2` i?2 MMQmM+2K2Mi- M/ BM NyW 7i2` bBt KQMi?bX h?2 #b2M+2 Q7
HQM; MiB+BTiBQM rBHH ?2HT mb pHB/i2 Qm` 2KTB`B+H bi`i2;v rBi? T`2@i`2M/ TH+2#Q i2bib-
b /Bb+mbb2/ BM i?2 M2ti b2+iBQMX
jXR .i
j .i M/ 1KTB`B+H ai`i2;v
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Rd*QMi``v iQ mM2KTHQvK2Mi /i- {HBiBQM /i bmz2` 7`QK irQ /`r#+FbX 6B`bi- Bi /Q2b MQi BM+Hm/2
rQ`F2`b {HBi2/ iQ Qi?2` r2H7`2 `2;BK2b /Bz2`2Mi iQ i?2 aQ+BH a2+m`BivX a2+QM/- mM2KTHQv2/ rQ`F2`b ?p2
bi`QM; BM+2MiBp2b iQ `2;Bbi2` i?2Kb2Hp2b b mM2KTHQv2/- bBM+2 Bi Bb  T`2@`2[mBbBi2 iQ Q#iBM mM2KTHQvK2Mi
#2M2}ibX AM +QMi`bi- aQ+BH a2+m`Biv `2+Q`/b Kv BM7`2biBKi2 i?2 bBx2 Q7 i?2 b?/Qr 2+QMQKvX
R3_2;`/BM; QmiHB2`b BM i?2 /2T2M/2Mi p`B#H2- r2 /`QT HH KmMB+BTHBiv@KQMi?b BM r?B+? i?2 mM2KTHQv@
i`MbKBbbBQM K2+?MBbK- r2 rBHH 2biBKi2 i?2 ?2i2`Q;2M2Qmb 2z2+i Q7 i?2 biBKmHmb #v i?2b2
/2KQ;`T?B+ M/ b2+iQ`BH +?`+i2`BbiB+b BM a2+iBQM dX b M Hi2`MiBp2 Qmi+QK2 p`B#H2-
r2 rBHH +QMbB/2` i?2 HQ;`Bi?K Q7 i?2 MmK#2` Q7 rQ`F2`b {HBi2/ iQ aQ+BH a2+m`Biv U7Q`KH
2KTHQvK2MiVX q2 T`272`- ?Qr2p2`- iQ 7Q+mb QM mM2KTHQvK2Mi 7Q` irQ `2bQMbX 6B`bi- 7`QK
 biiBbiB+H TQBMi Q7 pB2r- `2;Bbi2`2/ mM2KTHQvK2Mi Bb  KQ`2 `2HB#H2 K2bm`2 Q7 /vMKB+b
BM i?2 H#Q` K`F2iXRd a2+QM/- Bi 7+BHBii2b `2HiBM; Qm` 2biBKi2b Q7 i?2 KmHiBTHB2` iQ i?Qb2
Q7 T`2pBQmb HBi2`im`2- r?B+? ;2M2`HHv mb2b mM2KTHQvK2Mi b i?2 Qmi+QK2 p`B#H2X
6B;m`2 k THQib i?2 2pQHmiBQM Q7 mM2KTHQvK2Mi Qp2` Qm` bKTH2 T2`BQ/ Ukyye@kyR9V- HQM;
rBi? i?2 KQmMi bT2Mi BM i?2 irQ rp2b Q7 biBKmHmbX q2 +M b22 i?i mM2KTHQvK2Mi HKQbi
/Qm#H2/ BM i?2 v2` H2/BM; mT iQ i?2 SHM 1- 7`QK k iQ jXe KBHHBQM mM2KTHQv2/X lM2KTHQv@
K2Mi +QMiBMm2/ ;`QrBM;- Hi?Qm;? i  bHQr2` T+2- mMiBH 62#`m`v kyRj- BM r?B+? Bi bi`i2/
iQ /2+`2b2X
AM Qm` MHvbBb- r2 2t+Hm/2 QmiHB2`b BM #Qi? i?2 /2T2M/2Mi M/ BM/2T2M/2Mi p`B#H2bXR3
K2Mi `i2 Ub  7`+iBQM Q7 iQiH TQTmHiBQMV rb #Qp2 kyWX h?2 NNi? T2`+2MiBH2 BM Qm` bKTH2 Bb ReWX
_2;`/BM; QmiHB2`b BM i?2 BM/2T2M/2Mi p`B#H2- r2 2t+Hm/2 i?Qb2 KmMB+BTHBiB2b i?i Q#iBM2/ UbB;MB}+MiHvV
KQ`2 Q` H2bb i?M i?2 KQmMi biBTmHi2/ #v i?2 Hr URdN M/ Ry3 2m`Qb T2` +TBi- `2bT2+iBp2HvVěb22 6B;m`2
kX JQ`2 bT2+B}+HHv- r2 /`QT i?Qb2 KmMB+BTHBiB2b i?i bT2Mi KQ`2 i?M RdN Q` H2bb i?M Ryy 2m`Qb T2`
+TBi BM i?2 }`bi rp2- M/ i?Qb2 i?i bT2Mi KQ`2 i?M RRy Q` H2bb i?M Rye 2m`Qb T2` +TBi BM i?2 b2+QM/
rp2X q2 b?Qr i?i Qm` #2M+?K`F `2bmHib `2 `Q#mbi iQ i?2 BM+HmbBQM Q7 i?2b2 QmiHB2`bX
AM a2+iBQM 9Xk- r2 b?Qr i?i i?2 `2bmHib /Q MQi +?M;2 r?2M QmiHB2`b `2 BM+Hm/2/X
r?2`2 yi,t+h Bb i?2 HQ; Q7 i?2 mM2KTHQvK2Mi BM KmMB+BTHBiv i i KQMi? t+h Uh ∈ [−24, 24]V-
xi,t−j Bb i?2 bBx2 Q7 i?2 }b+H biBKmHmb BM KmMB+BTHBiv i i KQMi? t−j- αi Bb  KmMB+BTHBiv }t2/
2z2+i- γt Bb  /i2 UKQMi?V }t2/ 2z2+i- M/ ξi,t Bb M B/BQbvM+`iB+ 2``Q` i2`KX h?2 T`K2i2`
ρ +Tim`2b i?2 T2`bBbi2M+2 Q7 i?2 Qmi+QK2 p`B#H2- M/ i?2 βh,j +Tim`2 i?2 /vMKB+ BKT+i
Q7 i?2 }b+H biBKmHmbX AM i?2 #b2HBM2 bT2+B}+iBQM- r2 iF2 M = 12- #mi r2 rBHH b?Qr i?2
`Q#mbiM2bb Q7 i?2 `2bmHib iQ /Bz2`2Mi pHm2b Q7 M X LQi2 i?i r2 2biBKi2 QM2 `2;`2bbBQM 7Q`
2+? pHm2 Q7 h, B7 h = 0- β0,0 K2bm`2b i?2 +QMi2KTQ`M2Qmb 2z2+ic B7 h > 0- βh,0 K2bm`2b
hQ 2biBKi2 i?2 /vMKB+ BKT+i Q7 i?2 biBKmHmb QM mM2KTHQvK2Mi- r2 7QHHQr  HQ+H T`QD2+@
iBQM TT`Q+? UCQ`/¨ Ukyy8VV- 2biBKiBM;  b2`B2b Q7 h `2;`2bbBQMb,
jXk 1KTB`B+H ai`i2;v
yi,t+h = ρyi,t−1 +
M∑
j=0
βh,jxi,t−j + αi + γt + ξi,t+h, URV
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RNaBM+2 r2 ?p2 }t2/ 2z2+ib M/  H;;2/ /2T2M/2Mi p`B#H2- QM2 +QmH/ #2 +QM+2`M2/ #Qmi i?2 2tBbi2M+2
Q7  LB+F2H #Bb ULB+F2HH URN3RVVX >Qr2p2`- ;Bp2M i?i r2 ?p2  H`;2@h TM2H- i?Bb #Bb b?QmH/ #2 M2;HB;B#H2
BM Qm` +QMi2tiX AM T`iB+mH`- i?2 bBx2 Q7 i?2 #Bb /BKBMBb?2b rBi? i?2 MmK#2` Q7 T2`BQ/b T +QMbB/2`2/ BM i?2
bKTH2, −(1 + ρ)/(T − 1) bm;;2biBM; i?i 7Q` Qm` bKTH2 bBx2 M/  i`m2 T`K2i2` ρ = 0.8- i?2 #Bb +QmH/
#2 i KQbi @yXyR8 U`QmM/ R@kW Q7 i?2 i`m2 pHm2 Q7 i?2 T`K2i2`VX
kya22 CQ`/¨ M/ hvHQ` UkyReV M/ M;`Bbi- CQ`/¨- M/ Em2`bi2BM2` UkyR3V 7Q` 7m`i?2` /2iBHbX
i?2 2z2+i Q7 i?2 biBKmHmb ? T2`BQ/b BM i?2 7mim`2c M/- B7 h < 0- βh,0 +Tim`2b i?2 2z2+ib h
T2`BQ/b BM i?2 Tbiě?2M+2- i?2v `2 TH+2#Q i2bib- b r2 /Bb+mbb #2HQrX
LQi2 i?i- ;Bp2M i?i r2 BM+Hm/2 KmMB+BTHBiv M/ v2` }t2/ 2z2+ib- i?Bb Bb BM 7+i 
/Bz2`2M+2@BM@/Bz2`2M+2 bT2+B}+iBQM- r?2`2 i?2 /vMKB+ `2bTQMb2 Bb +H+mHi2/ i?`Qm;? HQ+H
T`QD2+iBQMbXRN GQ+H T`QD2+iBQMb `2  Mim`H rv iQ B/2MiB7v i?2 p2`;2 h`2iK2Mi 1z2+i
Qp2` iBK2Xky M Hi2`MiBp2 K2i?Q/ iQ 2biBKi2 i?2 /vMKB+ BKT+i Q7 i?2 b?Q+F rQmH/ #2
iQ +QMbi`m+i i?2 KQpBM; p2`;2 UJV `2T`2b2MiiBQM Q7 2[miBQM URVX b MQi2/ #v _K2v
UkyReV- i?2 HQ+H TT`Q+? T`2b2Mib b2p2`H /pMi;2b Ui i?2 +Qbi Q7 2{+B2M+vV Qp2` i?2
i`/BiBQMH K2i?Q/ #b2/ QM JX JBMHv- HQ+H T`QD2+iBQMb Bb  KQ`2 `Q#mbi K2i?Q/ iQ
i?2 T`2b2M+2 Q7 KBbbT2+B}+iBQM- r?BH2 J 2biBKiBQM +QKTQmM/b KBbbT2+B}+iBQM 2``Q`b i
2+? ?Q`BxQMX //BiBQMHHv- HQ+H T`QD2+iBQMb Qz2`b  bBKTH2 M/ i`MbT`2Mi rv iQ i2bi i?2
T`HH2H@i`2M/ bbmKTiBQM rBi? TH+2#Q i2bibXkR
h?2 B/2MiB}+iBQM bbmKTiBQM Bb i?i i?2`2 `2 MQ QKBii2/ 7+iQ`b i?i z2+i #Qi? i?2
iBKBM; Q7 i?2 T`QD2+ib M/ i?2 mM2KTHQvK2Mi `i2- +QM/BiBQMH QM i?2 KmMB+BTHBiv M/
v2` }t2/ 2z2+ibX b  }`bi TT`QtBKiBQM iQ i?2 pHB/Biv Q7 i?Bb bbmKTiBQM- BM 6B;m`2
j r2 THQi i?2 bi`iBM; /i2b Q7 T`QD2+ib #v KmMB+BTHBivX q2 /Q MQi b22 Mv Tii2`M
bm;;2biBM; i?i 2`Hv@bi`i2`b +Hmbi2` BM Mv ;Bp2M `2;BQM Q7 i?2 +QmMi`vX P7 +Qm`b2- i?Bb
};m`2 Bb 7` 7`QK +QM+HmbBp2 #Qmi i?2 pHB/Biv Q7 i?2 TT`Q+?- b i?2`2 +M #2 Qi?2` `2H2pMi
7+iQ`b i?i +MMQi #2 ;i?2`2/ 7`QK i?2 KTX 6Q` 2tKTH2- KmMB+BTHBiB2b i?i `2 bKHH2`-
TQQ`2`- Q` ?p2  ?B;? mM2KTHQvK2Mi `i2 Kv `;m#Hv #2 7bi2` BM `2[m2biBM; i?2 7mM/b-
Q` BM i?2 i2M/2` T`Q+2/m`2- M/ ?2M+2 KB;?i bi`i i?2 T`QD2+ib 2`HB2`X AKTQ`iMiHv- BM Qm`
bT2+B}+iBQM- i?2 KmMB+BTHBiv }t2/ 2z2+ib rBHH #bQ`# Mv iBK2@BMp`BMi +?`+i2`BbiB+ Q7
KmMB+BTHBiB2b i?i KB;?i +Q``2Hi2 rBi? i?2 #2;BMMBM; Q7 i?2 T`QD2+ib- 2X;X b HQM; b i?2
bBx2- BM+QK2- M/ mM2KTHQvK2Mi `i2 Q7 KmMB+BTHBiB2b `2 KQpBM; BM T`HH2H `QmM/ i?2
iBK2 Q7 i?2 biBKmHmb- i?2v rBHH #2 +Tim`2/ #v i?2 }t2/ 2z2+ibX
>2M+2- r?i Bb +`m+BH 7Q` Qm` B/2MiB}+iBQM Bb i?i i?2 bi`iBM; /i2b Q7 T`QD2+ib /Q MQi
+Q``2Hi2 rBi? Qi?2` iBK2@p`vBM; +?`+i2`BbiB+b Q7 KmMB+BTHBiB2b- 2X;X i?i i?2`2 Bb MQ b?Q+F
iQ TQTmHiBQM Q` i?2 mM2KTHQvK2Mi `i2 i i?2 bK2 iBK2 Q7 i?2 biBKmHmb i?i /Bz2`2MiBHHv
z2+ib 2`Hv M/ Hi2 bi`i2`bX _2;`/BM; i?Bb TQBMi- }`bi MQi2 i?i- b `;m2/ #v JQMiQHBQ
UkyR3V- i?2 M``Qr iBK2 rBM/Qr BM i?2 2t2+miBQM Q7 T`QD2+ib BKTHB2b i?i i?2 iBKBM; Q7 i?2
TT`QpH- i2M/2`- M/ BKTH2K2MiiBQM T?b2b Q7 i?2 T`QD2+ib Bb mMHBF2Hv iQ ?p2 +QBM+B/2/
rBi? MQi?2` bBKmHiM2Qmb b?Q+F i?i KB;?i ?p2 BM~m2M+2/ i?2 Qmi+QK2 p`B#H2bX a2+QM/-
M/ KQ`2 BKTQ`iMiHv- r?BH2 Bi Bb MQi TQbbB#H2 iQ /B`2+iHv i2bi r?2i?2` bQK2 QKBii2/ 7+iQ` Bb
+?M;BM; i T`2+Bb2Hv i?2 bK2 KQMi? Q7 bi`iBM; i?2 T`QD2+i- r2 +M /Q  biM/`/ /Bz2`2M+2@
kRPm` #2M+?K`F `2bmHib `2 bBKBH` r?2M r2 +QMbi`m+i BKTmHb2 `2bTQMb2b mbBM; i?2 J `2T`2b2MiiBQM Q7
2[miBQM R UMQi b?QrMVX
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BM@/Bz2`2M+2 i2bi 7Q` T`HH2H T`2@i`2iK2Mi i`2M/b- BX2X 2biBKi2 r?2i?2` mM2KTHQvK2Mi Q7
2`Hv@bi`i2`b M/ Hi2@bi`i2`b KQp2/ BM T`HH2H BM i?2 KQMi?b #27Q`2 i?2 #2;BMMBM; Q7 i?2
i`2iK2MiX q2 b22 i?Bb i2bi b M BKTQ`iMi pHB/BiiBQM Q7 Qm` 2KTB`B+H bi`i2;vX
q2 /Q i?Bb i?`Qm;? M 2p2Mi bim/v- BM r?B+? r2 i2bi r?2i?2` i?2 biBKmHmb Bb +Q``2Hi2/
rBi? Tbi pHm2b Q7 i?2 Qmi+QK2 p`B#H2 UmM2KTHQvK2MiVX AM i2`Kb Q7 1[miBQM R- r2
2tTHQ`2 i?2 2z2+ib r?2M h < 0X h?2`2 `2 irQ `2bQMb r?v r2 +QmH/ }M/  MQM@x2`Q 2z2+i,
UBV MiB+BTiBQM- M/ UBBV  pBQHiBQM Q7 i?2 T`HH2H@i`2M/ bbmKTiBQMX >Qr2p2`- MQi2 i?i-
7Q` pHm2b h < −12- QMHv UBBV Bb TQbbB#H2- bQ i?2 `2;`2bbBQMb rBi? h < −12 b2`p2 b ǳTm`2Ǵ
TH+2#Q i2bibX h?2 `2bQM Bb i?i i?2 KtBKmK TQbbB#H2 MiB+BTiBQM rb Rk KQMi?b- i?2
iBK2 2HTb2/ #2ir22M i?2 TT`QpH Q7 i?2 SHM 1 QM LQp2K#2` k3 kyy3 M/ i?2 #2;BMMBM;
Q7 i?2 p2`v Hbi T`QD2+ib BM .2+2K#2` kyyNX 6Q` pHm2b h ∈ (−12, 0)- r2 +MMQi `mH2 Qmi i?i
9 _2bmHib
9XR JBM _2bmHib
h?2 KBM `2bmHib `2 T`2b2Mi2/ BM 6B;m`2 jX 6Q` 2+? h- Bi THQib i?2 TQBMi 2biBKi2b M/ N8W
+QM}/2M+2 BMi2`pHb Q7 βh,0X _2bbm`BM;Hv- r2 }M/ MQ ǳ2z2+iǴ QM mM2KTHQvK2Mi 7Q` h < 0-
pHB/iBM; i?2 T`HH2H@i`2M/ bbmKTiBQMX q2 /Q Q#b2`p2 bB;MB}+Mi 2z2+ib 7Q` h > 0X AM
T`iB+mH`- i?2 bi`iBM; Q7  Tm#HB+ BMp2biK2Mi T`QD2+i ?b  M2;iBp2 2z2+i QM mM2KTHQvK2Mi
QM BKT+iX h?Bb 2z2+ib #mBH/b mT Qp2` i?2 }`bi v2` M/ KQ/2`i2b iQr`/b i?2 2M/ Q7 i?2
b2+QM/ v2`X i i?2 T2F U`2+?2/ 3 KQMi?b 7i2` i?2 b?Q+FV-  biBKmHmb Q7 Ryy 2m`Qb T2`
+TBi `2/m+2b mM2KTHQvK2Mi #v yX3WX
h#H2 R i`MbHi2b i?2b2 2z2+ib BMiQ 2+QMQKB+HHv BMi2`T`2i#H2 Q#D2+ib, i?2 DQ#b KmHiBTHB@
2`b- /2}M2/ b 2KTHQvK2Mi +`2iBQM T2` KBHHBQM 2m`QbXkj Pm` 2biBKi2b Q7 i?2 DQ#b KmHiBTHB2`b
`2 bB;MB}+MiHv /Bz2`2Mi 7`QK x2`Q 7Q` HH ?Q`BxQMb +QMbB/2`2/ i `2bQM#H2 H2p2Hb Q7 bB;MB7@
B+M+2Xk9 h?2 T2F 2z2+i Bb 8Xd DQ#b +`2i2/ T2` KBHHBQM 2m`QbX
Hi2`MiBp2Hv- QM2 +M HQQF i i?2 +mKmHiBp2 KmHiBTHB2`- BX2X i?2 bmK Q7 i?2 TQBMi KmHiB@
THB2`bX q2 2biBKi2  +mKmHiBp2 KmHiBTHB2` Q7 e3Xk- BX2X QM2 KBHHBQM 2m`Qb Q7 biBKmHmb `2/m+2
kkh?Bb Bb bbmKBM; i?2 rQ`bi@+b2 b+2M`BQ BM r?B+? MiB+BTiBQM bi`ib 7`QK i?2 /i2 Q7 i?2 MMQmM+2K2MiX
AM i?2- T2`?Tb KQ`2 `2HBbiB+- +b2 BM r?B+? 2z2+ib `2 MiB+BTi2/ 7`QK i?2 TT`QpH Q7 T`QD2+ib- MiB+BTiBQM
rQmH/ #2 bB;MB}+MiHv b?Q`i2`X
kj hQ +QMp2`i Qm` 2biBKi2b 7`QK 6B;m`2 j BMiQ i?2 DQ#b KmHiBTHB2`b Q7 h#H2 R- r2 }`bi i`MbHi2 i?2 T2`
+TBi b?Q+F BMiQ M #bQHmi2 b?Q+F- 2pHmi2/ i i?2 KmMB+BTHBiv rBi? i?2 K2M TQTmHiBQM bBx2- M/ i?2M
i`MbHi2 i?2 T2`+2Mi 2z2+i QM mM2KTHQvK2Mi BMiQ M #bQHmi2 2z2+i- 2pHmi2/ i i?2 KmMB+BTHBiv rBi? i?2
K2M mM2KTHQvK2MiX
k9HH KmHiBTHB2`b `2 bB;MB}+MiHv /Bz2`2Mi 7`QK x2`Q i i?2 e3W H2p2H M/ HH #mi i?2 BKT+i `2 bB;MB}+MiHv
/Bz2`2Mi 7`QK x2`Q i i?2 N8W H2p2HX
bQK2 MiB+BTiBQM Bb ?TT2MBM;- TQi2MiBHHv +QKTHB+iBM; Qm` T`2@i`2M/ MHvbBbX >Qr2p2`-
MQi2 i?i- b 2tTHBM2/ BM a2+iBQM j- NyW Q7 i?2 T`QD2+ib ?/ bi`i2/ #v KB/ Jv kyy3X h?Bb
BKTHB2b i?i- 7Q` i?2 pbi KDQ`Biv Q7 +b2b- r2 b?QmH/ 2tT2+i M MiB+BTiBQM Q7 i KQbi e
KQMi?bX >2M+2- `2;`2bbBQMb 7Q` h ∈ [6, 12] `;m#Hv b2`p2 b TH+2#Q i2bib b r2HHXkk
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mM2KTHQvK2Mi #v e3Xk DQ#@KQMi?b- Q` Ryy-yyy 2m`Qb /Q bQ #v yX8d DQ#@v2`bX :Bp2M i?i
bTiBH 2z2+ib Kv #2 T`2b2Mi BM Qm` +QMi2ti- r2 rBHH TQbiTQM2 TmiiBM; i?2b2 MmK#2`b BMiQ
T2`bT2+iBp2 rBi?BM i?2 HBi2`im`2 mMiBH a2+iBQM e- 7i2` r2 ?p2 2biBKi2/ i?Qb2X
9Xk _Q#mbiM2bb
Hi2`MiBp2 /vMKB+ bi`m+im`2X q2 bim/v i?2 `Q#mbiM2bb Q7 i?2 `2bmHib iQ +?M;BM;
i?2 /vMKB+ bi`m+im`2X AM T`iB+mH`- BM Qm` #b2HBM2 `2bmHib- r2 BM+Hm/2/ QM2 H; Q7 i?2
k8b 2tTHBM2/ BM a2+iBQM j- i?2`2 `2 `2bQMb iQ T`272` mM2KTHQvK2Mi b i?2 KBM /2T2M/2Mi p`B#H2X
ke"v +QMi`bi- i?2 bTiBH 2z2+i QM 2KTHQvK2Mi Bb bB;MB}+Mi- b r2 rBHH /Bb+mbb BM a2+iBQM eXkX
kdhrQ MQi#H2 2t+2TiBQMb `2 am`2x a2``iQ M/ qBM;2M/2` UkyReV M/ .mTQ` M/ J+*`Q`v UkyR3VX
q?BH2 i?2 7Q`K2` /Q MQi }M/ bB;MB}+Mi bTiBH 2z2+ib- i?2 Hii2` }M/ i?2K iQ #2 2+QMQKB+HHv `2H2pMiX
/2T2M/2Mi p`B#H2 M/ Rk H;b Q7 i?2 b?Q+FX >2`2- r2 +QMbB/2` BMbi2/ y- e- Q` Rk H;b Q7
i?2 /2T2M/2Mi p`B#H2- M/ Rk Q` k9 H;b Q7 i?2 b?Q+FX h?2 `2bmHib U6B;m`2 9V b?Qr i?i i?2
2biBKi2b `2KBM p2`v bBKBH` iQ i?Qb2 Q7 i?2 #b2HBM2X
Hi2`MiBp2 bKTH2 b2H2+iBQMX q2 MHvx2 ?Qr +?M;2b BM i?2 bKTH2 +?QB+2 Kv z2+i
Qm` #2M+?K`F 2biBKi2bX 6B;m`2 8 b?Qrb Hi2`MiBp2 bT2+B}+iBQMb i?i BM+Hm/2 KmMB+BTHB@
iB2b +QMbB/2`2/ b QmiHB2`b BM i?2 #2M+?K`F bKTH2 U2Bi?2` #2+mb2 Q7 mMmbmHHv ?B;? Q` HQr
pHm2b Q7 i?2 /2T2M/2Mi Q` BM/2T2M/2Mi p`B#H2bVX _2bmHib bm;;2bi i?i i?2b2 Hi2`MiBp2
bT2+B}+iBQMb /Q MQi bB;MB}+MiHv Hi2` Qm` #b2HBM2 2biBKiBQMbX
1z2+i QM 2KTHQvK2MiX b M Hi2`MiBp2 /2T2M/2Mi p`B#H2- r2 +QMbB/2` i?2 MmK#2`
Q7 rQ`F2`b {HBi2/ iQ aQ+BH a2+m`BivXk8 h?2 `2bmHib- r?B+? `2 b?QrM BM 6B;m`2 9- bm;;2bi
i?i i?2 T`HH2H@i`2M/ bbmKTiBQM ?QH/b M/ i?i 2KTHQvK2Mi BM+`2b2b 7i2` i?2 biBKmHmbX
h?2 2z2+ib- ?Qr2p2`- `2 BKT`2+Bb2Hv 2biBKi2/ M/ MQM@bB;MB}+MiXke
8 aTiBH 1z2+ib
q?BH2  ;`QrBM; MmK#2` Q7 bim/B2b mb2 /Bb;;`2;i2/ ;2Q;`T?B+H `2b iQ 2biBKi2 i?2
2z2+i Q7 }b+H TQHB+v Ub22- 7Q` 2tKTH2- LFKm` M/ ai2BMbbQM UkyR9VV- KQbi B;MQ`2 i?i
2biBKi2b i i?2 HQ+H H2p2H QKBi bTiBH 2z2+ib `BbBM; 7`QK ;2M2`H 2[mBHB#`BmK ;;`2;@
iBQMbXkd _2bi`B+iBM; i?2 2biBKiBQM Q7 i?2 }b+H biBKmHmb iQ  T`iB+mH` KmMB+BTHBiv B;MQ`2b
irQ BKTQ`iMi bT2+ibX 6B`bi- Bi QKBib  /B`2+i 2z2+i- T`iB+mH`Hv `2H2pMi 7Q` i?2 +b2 Q7
bKHH M/ K2/BmK@bBx2/ KmMB+BTHBiB2b- /m2 iQ i?2 7+i i?i bQK2 Q7 i?2 rQ`Fb Kv #2 +QM@
i`+i2/ iQ }`Kb BM M2B;?#Q`BM; UTQi2MiBHHv H`;2`V KmMB+BTHBiB2bX a2+QM/- Bi B;MQ`2b ;2M2`H
2[mBHB#`BmK 2z2+ib- bBM+2 2M?M+2/ HQ+H 2+QMQKB+ +iBpBiv +QmH/ bTBHH Qp2` iQ +HQb2 `2bX
AM i?Bb b2+iBQM- r2 b?2/ HB;?i QM ?Qr H`;2 i?2b2 bTiBH 2z2+ib `2X hQ /Q bQ- r2 2biBKi2
i?2 2z2+ib i?i i?2 }b+H biBKmHmb ?b QM M2`#v KmMB+BTHBiB2bX AM T`iB+mH`- r2 7QHHQr
JQ`2iiB UkyRyV M/ >m#2` UkyR3V M/ 2MH`;2 Qm` KBM bT2+B}+iBQM BM 2[miBQM URV #v
//BM; M //BiBQMH `2;`2bbQ` i?i +QMiBMb i?2 p2`;2 b?Q+F Q++m``BM; BM KmMB+BTHBiB2b
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rBi?BM  `/Bmb Q7 R FBHQK2i2`b Q7 KmMB+BTHBiv i BM T2`BQ/ t UzRi,tVX >2M+2- Qm` bT2+B}+iBQM
#2+QK2b,
k3Pi?2` `/BB `2 +QMbB/2`2/ BM i?2 M2ti bm#b2+iBQMX
kN h?Bb Bb TT`QtBKi2Hv kX8 iBK2b H`;2` i?M i?2 HQ+H 2z2+i 2biBKi2/ BM a2+iBQM 8X LQi2 i?i i?Bb Bb
`2bQM#H2, ;Bp2M i?i i?2 biBKmHmb Bb K2bm`2/ BM T2` +TBi i2`Kb- M/ i?i i?2`2 Bb BM KQbi +b2b KQ`2
TQTmHiBQM HBpBM; BM KmMB+BTHBiB2b BM  `/Bmb Q7 ky FBHQK2i2`b i?M BM i?2 KmMB+BTHBiv Bib2H7- Ryy 2m`Qb T2`
+TBi KQmMib iQ  H`;2` iQiH biBKmHmb ?2`2 i?M BM i?2 HQ+H 2z2+i 7`QK a2+iBQM 8X
jyhQ +QMp2`i Qm` 2biBKi2b iQ KmHiBTHB2`b- r2 T`Q+22/ b r2 /B/ 7Q` i?2 HQ+H 2z2+iěb22 7QQiMQi2 kjX >2`2
r2 mb2 i?2 p2`;2 TQTmHiBQM BM i?2 ky@FBHQK2i2` `/Bmb iQ TBM /QrM i?2 iQiH biBKmHmb KQmMiX
jRAi `2KBMb bB;MB}+Mi i N8W /m`BM; i?2 }`bi e KQMi?b- M/ `2KBMb bB;MB}+MiHv /Bz2`2Mi 7`QK x2`Q
i?`Qm;?Qmi i?2 `2bTQMb2 ?Q`BxQM r?2M +QMbB/2`BM; +QM}/2M+2 #M/b Q7 e3WX
jk>2M+2- i?2 `2T`2b2Mi2/ bTBHHQp2` 2z2+ib `2 i?Qb2 7`QK h#H2 kX h?2 `2T`2b2Mi2/ QrM 2z2+ib `2 i?2 QM2b
Q#iBM2/ 7`QK 2biBKiBM; 2[miBQM kX b rBHH #2 /Bb+mbb2/ BM a2+iBQM eXk- i?2 ;`T? rQmH/ #2 p2`v bBKBH` B7
r2 +QMbB/2`2/ i?2 QrM 2z2+ib Q#iBM2/ 7`QK 2[miBQM R Ub?QrM BM h#H2 RVX
8XR _2bmHib
6B;m`2 e `2TQ`ib i?2 2biBKi2b Q7 +Q2{+B2Mib σh,j BM 2[miBQM UkV- +QMbB/2`BM;  `/Bmb Q7
R = 20 FBHQK2i2`bXk3 h?2 `2bmHib b?Qr i?i i?2 biBKmHmb ?b  bBx#H2 BKT+i QM M2`#v
KmMB+BTHBiB2bX M BM+`2b2 BM Ryy 2m`Qb T2` +TBi BM KmMB+BTHBiB2b rBi?BM  ky FK `/Bmb Q7
 ;Bp2M KmMB+BTHBiv `2/m+2b mM2KTHQvK2Mi BM i?2 Hii2` #v 2%XkN h?Bb 2z2+i Bb T2`bBbi2Mi-
#2BM; KQ`2 MQiB+2#H2 /m`BM; i?2 }`bi Re KQMi?b- M/ #2+QK2b +HQb2 iQ x2`Q 7i2` i?i T2`BQ/X
q?2M i`MbHiBM; i?Bb T2`+2Mi;2 2z2+i BMiQ DQ#b KmHiBTHB2`b Uh#H2 kV- r2 Q#b2`p2 i?i- i
i?2 T2F U`2+?2/ BM i?2 R9i? KQMi?V-  }b+H biBKmHmb Q7 QM2 KBHHBQM 2m`Qb BM KmMB+BTHBiB2b
rBi?BM  ky@FBHQK2i2` `/Bmb Q7  ;Bp2M KmMB+BTHBiv `2/m+2b mM2KTHQvK2Mi BM i?2 Hii2` #v
yXe T2`bQMbXjy h?2 bTiBH 2z2+i Bb biiBbiB+HHv bB;MB}+Mi 7Q` `2bQM#H2 H2p2Hb Q7 +QM}/2M+2
i?`Qm;?Qmi i?2 `2bTQMb2 ?Q`BxQMXjR h?Bb bTBHHQp2` 2z2+i `2T`2b2Mib #Qmi kyW Q7 i?2 /B`2+i
2z2+i /m`BM; i?2 }`bi e KQMi?b M/ bHB;?iHv #Qp2 RyW /m`BM; i?2 `2bi Q7 i?2 }`bi v2`X AM
6B;m`2 d- r2 `2T`2b2Mi ;`T?B+HHv i?2 DQ#b KmHiBTHB2`b Q7 i?2 HQ+H M/ bTBHHQp2` 2z2+ibXjk
q2 +M b22 i?i #Qi? +QKTQM2Mib 7QHHQr  bBKBH` /vMKB+ Tii2`M /m`BM; i?2 }`bi v2` M/
 ?H7X aTBHHQp2`b- Hi?Qm;? bKHH2` BM bBx2- `2  MQM@M2;HB;B#H2 +QMi`B#miBQM iQ i?2 Qp2`HH
BKT+i Q7 i?2 }b+H THMX h?2 iQiH +QK#BM2/ 2z2+i `2+?2b Bib T2F i i?2 3i? KQMi?- r?2M
M BMBiBH }b+H biBKmHmb Q7 QM2 KBHHBQM 2m`Qb Bb bbQ+Bi2/ rBi?  /2+`2b2 Q7 mM2KTHQvK2Mi
#v 8XN rQ`F2`bX
Pm` irQ@v2` bTiBH +mKmHiBp2 KmHiBTHB2` Bb 8Xd- r?B+? Bb TT`QtBKi2Hv 3X9W Q7 i?2
HQ+H +mKmHiBp2 KmHiBTHB2` Ur?B+?- `2+HH- rb e3XkVX >2M+2- Qm` 2biBKi2/ iQiH +mKmHiBp2
KmHiBTHB2` Bb djXN- BX2X Ryy-yyy 2m`Qb Q7 biBKmHmb `2/m+2/ mM2KTHQvK2Mi #v yXek DQ#@v2`bX

















r?2`2 σh,j +Tim`2b i?2 bTiBH 2z2+iX
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jjh?Bb Bb #2+mb2 i?2 iQiH b?Q+F BM+`2b2b rBi? i?2 `/Bmběb22 7QQiMQi2 kNX
Pm`b `2bmHib 7`QK i?2 T`2pBQmb b2+iBQMb bm;;2bi bB;MB}+Mi DQ#b KmHiBTHB2`b #Qi? i i?2 HQ+H
M/ bTiBH H2p2HbX AM T`iB+mH`- r2 }M/ i?i i?2 T2F DQ#b KmHiBTHB2` 7Q` 2+? KBHHBQM 2m`Qb
bT2M/ Bb `2+?2/ BM i?2 3i? KQMi? 7i2` i?2 biBKmHmb M/ Bb 2biBKi2/ i 8XNX h?Bb i`MbHi2b
BMiQ  +Qbi T2` DQ# Q7 `QmM/ Rdy-yyy 2m`QbX h?Bb };m`2 Bb +HQb2 iQ qBHbQM UkyRkV- r?B+?
8Xk _Q#mbiM2bb
GQ+H 2z2+i mM/2` Hi2`MiBp2 bT2+B}+iBQMbX AM //BiBQM iQ T`QpB/BM; M 2biBKiBQM
Q7 i?2 bTiBH 2z2+ib Q7 i?2 biBKmHmb- i?2 bT2+B}+iBQM Q7 2[miBQM k HHQrb mb iQ i2bi i?2
`Q#mbiM2bb Q7 i?2 HQ+H@2z2+i `2bmHibX A7 i?2 HQ+H 2z2+ib `2 r2HH B/2MiB}2/- i?2v b?QmH/ MQi
+?M;2 r?2M i?2 b?Q+F Q7 M2`#v KmMB+BTHBiB2b Bb //2/ iQ i?2 2biBKiBM; 2[miBQM- BX2X i?2
+Q2{+B2Mib βh,j BM 2[miBQM URV M/ β∗h,j BM UkV b?QmH/ #2 bBKBH`X AM 6B;m`2 8- r2 b?Qr i?i
i?Bb Bb BM/22/ i?2 +b2X
Hi2`MiBp2 bTiBH /BbiM+2bX aQ 7`- r2 ?p2 7Q+mb2/ QM  `/Bmb Q7 R = 20 FBHQK2i2`bX
AM 6B;m`2 e- r2 +QMbB/2` Hi2`MiBp2 `/BB Q7 Ry M/ jy FBHQK2i2`bX h?2 2z2+i Q7 i?2 biBKmHmb
BM  `/Bmb Q7 jy FBHQK2i2`b Bb bBKBH` iQ i?i BM i?2 #b2HBM2 Q7 ky FBHQK2i2`bX h?2 2z2+ib
+QMbB/2`BM; R = 10 7QHHQr  bBKBH` /vMKB+ Tii2`M #mi `2 +QMbB/2`#Hv bKHH2` BM bBx2- b
2tT2+i2/Xjj
Hi2`MiBp2 /vMKB+ bi`m+im`2X q2 i2bi i?2 `Q#mbiM2bb Q7 i?2 bTiBH `2bmHib iQ Hi2`M@
iBp2 /vMKB+ bi`m+im`2bX q2 +QMbB/2` i?2 bK2 bT2+B}+iBQMb b r?2M i2biBM; i?2 `Q#mbiM2bb
Q7 i?2 /B`2+i 2z2+ib Ub22 a2+iBQM 9XkVX h?2 `2bmHib U6B;m`2 dV rBi? i?2b2 Hi2`MiBp2 bT2+B@
}+iBQMb `2 p2`v bBKBH` iQ i?Qb2 Q7 i?2 #b2HBM2X
Hi2`MiBp2 bKTH2 b2H2+iBQMX q2 i2bi B7 i?2 `2bmHib `2 z2+i2/ r?2M QmiHB2`b BM i?2
/2T2M/2Mi Q` BM/2T2M/2Mi p`B#H2b `2 //2/X h?2 `2bmHib U6B;m`2 3V b?Qr i?i i?2 `2bmHib
#`2Hv +?M;2X
aTiBH 2z2+i QM 2KTHQvK2MiX q2 2biBKi2 i?2 bTiBH 2z2+i QM 2KTHQvK2MiX h?2
`2bmHib U6B;m`2 NV b?Qr i?i i?2`2 Bb  bB;MB}+Mi bTiBH 2z2+i QM 2KTHQvK2Mi BM i?2 }`bi
bBt KQMi?b 7i2` i?2 b?Q+FX AM T`iB+mH`- Qm` 2biBKi2b BKTHv i?i bT2M/BM; Ryy 2m`Qb T2`
+TBi BM KmMB+BTHBiB2b rBi?BM  ky FK `/Bmb Q7  ;Bp2M KmMB+BTHBiv BM+`2b2b 2KTHQvK2Mi
BM i?2 Hii2` #v 1% BM i?2 T2F- r?B+? Bb `2+?2/ bBt KQMi?b 7i2` i?2 b?Q+FX h?2 2z2+i
#2+QK2b MQM@bB;MB}+Mi 7i2` i?2 bBti? KQMi?X
e .Bb+mbbBQM Q7 _2bmHib
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j9h?2b2 MmK#2`b `272` iQ PGa M/ Ao bT2+B}+iBQMb r?2M i?2 biBKmHmb Bb K2bm`2/ b i?2 __ MMQmM+2/
7mM/b iQ #2 `2+2Bp2/ #v 2+? bii2 Ub22 h#H2 8 BM qBHbQM UkyRkVVX h?2 DQ#b KmHiBTHB2`b Q7 9Xj M/ 3XR `2
bbQ+Bi2/ iQ +Qbi T2` DQ# Q7 kjj-yyy M/ Rkj-yyy /QHH`b- `2bT2+iBp2HvX
j8h?2 SHM 1 T`QpB/2/  iQiH biBKmHmb Q7 3-yyy M/ 8-yyy KBHHBQM 2m`Qb BM i?2 }`bi M/ b2+QM/ rp2b-
`2bT2+iBp2HvX q2 mb2 Qm` iQiH 2biBKiBQM Q7 djXN DQ#b@KQMi?b T2` KBHHBQM 2m`Qb /m`BM; irQ v2`bX
bim/B2b i?2 2KTHQvK2Mi 2z2+i Q7 i?2 __ T`Q;`K BM i?2 la- }M/BM;  DQ#b KmHiBTHB2`
7i2`  v2` Q7 #2ir22M 9Xj M/ 3XR- /2T2M/BM; QM i?2 bT2+B}+iBQMXj9
6m`i?2` iQ i?Bb- *?Q/Q`Qr@_2B+? UkyRNV bmKK`Bx2b `2+2Mi rQ`F QM HQ+H }b+H KmHiBTHB@
2`bX h?Bb +QKT`BbQM Bb K/2 BM i2`Kb Q7 i?2 +mKmHiBp2 KmHiBTHB2`X *?Q/Q`Qr@_2B+? UkyRNV
}M/b i?i i?Bb biiBbiB+ p`B2b rBi?BM rB/2 #QmM/b- `M;BM; 7`QK jX3 DQ#@v2`b BM *?Q/Q`Qr@
_2B+?- 62Bp2bQM- GBb+Qr- M/ qQQHbiQM UkyRkV iQ yX8 BM *QMH2v M/ .mTQ` UkyRjVX h?2 Hii2`
`2TQ`i  +Qbi Q7 KBMiBMBM;  DQ# /m`BM;  v2` Q7 #Qmi kyy-yyy /QHH`bX Pm` 2biBKi2/
+mKmHiBp2 KmHiBTHB2` Q7 yXek DQ#@v2`b bBib i i?2 #QiiQK Q7 i?Bb rB/2 BMi2`pHX
Pm` 2biBKi2b Q7 i?2 DQ#b KmHiBTHB2` `2~2+i #Qi? i?2 +Qbi Q7 ?B`BM; rQ`F2`b iQ +``v Qmi
i?2 Tm#HB+ BMp2biK2Mi T`QD2+ib- #mi HbQ Qi?2` +Qbib- 2X;X i?2 +Qbi Q7 Ki2`BHbX :Bp2M i?i
i?2 SHM 1 rb 2t+HmbBp2Hv  HQ+H BM7`bi`m+im`2 biBKmHmb- i?2 +QKTQbBiBQM Q7 i?2 H#Q`@iQ@
+TBiH KBt Kv #2 /Bz2`2Mi 7`QK i?i BM i?2 __ Ur?B+? BM+Hm/2/- KQM; Qi?2`b- ?2Hi?
+`2 T`QpBbBQMb 7Q` J2/B+B/ 2tT2M/Bim`2VX h?Bb /Bz2`2M+2 Kv 2tTHBM r?v Qm` 2biBKi2b
`2 BM i?2 HQr2` `M;2 Q7 i?Qb2 7`QK i?2 __X
Pm` 2biBKi2b Q7 i?2 2KTHQvK2Mi 2z2+ib Q7 i?2 SHM 1 bm;;2bi i?i i?2 biBKmHmb ?2HT2/
iQ T`2p2Mi 2KTHQvK2Mi /2bi`m+iBQM /m`BM; i?2 `2+2bbBQMX AM T`iB+mH`- i?2v BKTHv i?i i?2
biBKmHmb BKT2/2/  /2bi`m+iBQM Q7 `QmM/ QM2 KBHHBQM DQ#@KQMi?b /m`BM; irQ v2`b- r?B+?
rQmH/ #2 TT`QtBKi2Hv 2[mBpH2Mi iQ T`QpB/BM; 7mHH@iBK2 2KTHQvK2Mi iQ `QmM/ 9y-yyy
rQ`F2`b /m`BM; i?i T2`BQ/Xj8
q?BH2 i?2 2KTHQvK2Mi 2z2+i Bb  p2`v `2H2pMi /BK2MbBQM BM MHvxBM; i?2 BKT+i Q7 i?2
biBKmHmb- Bi /Q2b MQi `2~2+i i?2 r?QH2 2+QMQKB+ BKT+i Q7 i?Bb TQHB+vX am+? 2pHmiBQM rQmH/
`2[mB`2 M 2biBKiBQM Q7 BV i?2 2z2+i QM QmiTmi M/ BBV M 2pHmiBQM Q7 i?2 r2H7`2 2z2+ib BM
i?2 HQM;@`mMX "Qi? /BK2MbBQMb T`2b2Mi BKTQ`iMi +?HH2M;2bX 6B`bi- i?2`2 Bb MQ pBH#BHBiv
Q7 /i QM KmMB+BTH QmiTmi i?i 2M#H2b  /B`2+i 2biBKiBQM Q7 i?Bb 2z2+iX a2+QM/-  HQM;
`mM 2pHmiBQM Q7 i?2 2z2+ib Q7 Tm#HB+ BMp2biK2Mi `2[mB`2b  /Bz2`2Mi K2i?Q/QHQ;v i?i Bb
#2vQM/ i?2 b+QT2 Q7 i?Bb TT2`X >Qr2p2`- r2 MQr b?Qr ?Qr r2 +M }M/ M TT`QtBKi2
+H+mHiBQM Q7 i?2 2z2+i Q7 i?2 biBKmHmb QM QmiTmi BM i?2 b?Q`i `mMX
6Q` i?Bb +H+mHiBQM- r2 7QHHQr *?Q/Q`Qr@_2B+? UkyRNV- r?Q b?Qrb ?Qr iQ KT i?2 2K@
THQvK2Mi KmHiBTHB2`b BMiQ QmiTmi KmHiBTHB2`bX h?2 KBM HBKBiiBQM Q7 i?Bb TT`QtBKiBQM Bb
i?i Bi Bb pHB/ QMHv 7Q` i?2 b?Q`i `mM- bBM+2 Bi BKTHB+BiHv bbmK2b i?i +TBiH U2Bi?2` T`Bpi2
Q` Tm#HB+V rBHH MQi /Dmbi- 2z2+iBp2Hv K2bm`BM; i?2 QmiTmi 2z2+i Q7 i?2 biBKmHmb i?i Bb
+?MM2H2/ i?`Qm;? +?M;2b BM 2KTHQvK2MiX :Bp2M i?i SHM 1 rb  biBKmHmb rBi?  bT2+BH
7Q+mb QM i?2 BMbiHHiBQM Q7 Tm#HB+ +TBiH- Qm` +H+mHiBQMb `2 THmbB#H2 7Q` i?2 b?Q`i `mM- #mi
`2 HBF2Hv iQ `2T`2b2Mi  bi`B+i HQr2` #QmM/ QM HQM;2` T2`BQ/b- QM+2 +TBiH #2+QK2b mb#H2
7Q` T`Q/m+iBQMXje
je"2+mb2 Q7 ;2M2`H 2[mBHB#`BmK 2z2+ib- i?2 iQiH 2z2+i Q7 QmiTmi i?`Qm;? 2KTHQvK2Mi +QmH/ #2 2p2M
H`;2` B7 r2 HHQr i?2 K`;BMH T`Q/m+iBpBiv Q7 H#Q` iQ #2 BM+`2bBM; BM +TBiHX
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jd1tTHMiBQMb Q7 i?Bb +H+mHiBQM M/ 7m`i?2` /Bb+mbbBQMb QM i?2 BKTQb2/ bbmKTiBQMb `2 /2iBH2/ BM i?2
TT2M/BtX
j36`?B M/ q2`MBM; UkyReV /Bb+mbb i?2 BKTHB+iBQMb Q7 +m``2M+v mMBQMb 7Q` i?2 bBx2 Q7 }b+H KmHiBTHB2`b BM
 ;2M2`H 2[mBHB#`BmK KQ/2HX
Pm` +H+mHiBQM Q7 i?2 b?Q`i@`mM QmiTmi KmHiBTHB2` Bb yXjĜyX8- /2T2M/BM; QM i?2 +HB#`iBQM
Q7 2HbiB+Biv T`K2i2`bXjd h?Bb K;MBim/2 Bb +QKT`#H2 iQ `2+2Mi ;;`2;i2 2biBKi2b Q7
i?2 MiBQM@rB/2 QmiTmi KmHiBTHB2` Q7 Tm#HB+ BMp2biK2MiX 6Q` 2tKTH2- HHQx- "m``B2H- M/
Sû`2x UkyR3V mb2 2tQ;2MQmb iBK2 b2`B2b p`BiBQM iQ b?Qr i?i Tm#HB+ BMp2biK2Mi Bb bbQ+Bi2/
iQ M BKT+i KmHiBTHB2` UBM i?2 }`bi [m`i2`V Q7 yXjX h?Bb };m`2b `Bb2b iQ RXR #v i?2 2M/ Q7
i?2 }`bi v2`X
Pm` `2bmHib bm;;2bi i?i 2biBKi2b Q7 i?2 HQ+H M/ MiBQMrB/2 KmHiBTHB2`b `2 MQi i?i
/Bz2`2MiX h?Bb Q#b2`piBQM +QMi`bib rBi? T`2pBQmb rQ`F i?i }M/b HQ+H KmHiBTHB2`b iQ #2 bm#@
biMiBHHv ?B;?2` i?M MiBQM@rB/2 QM2b Ub22 LFKm` M/ ai2BMbbQM UkyR9V M/ *?Q/Q`Qr@
_2B+? UkyRNVV- r?BH2 bmTTQ`ib i?2 pB2r i?i i?2 2z2+i Q7 bm#@MiBQMH biBKmHB HBF2 __ ?/
M BKT+i QM QmiTmi bBKBH` iQ MiBQM@rB/2 2biBKi2b Ub22- 7Q` 2tKTH2 _K2v UkyR3VVX q2
`;m2 i?i i?2 +QM+2TimH /Bz2`2M+2b #2ir22M HQ+H M/ MiBQM@rB/2 KmHiBTHB2`b `2 HBF2Hv iQ
#2 bKHH BM +QmMi`B2b #2HQM;BM; iQ +m``2M+v mMBQMb bm+? b abBMX
h?2 `2+iBQM Q7 KQM2i`v TQHB+v Bb `;m2/ iQ #2 i?2 KBM bQm`+2 Q7 /Bz2`2M+2b #2ir22M
HQ+H M/ MiBQM@rB/2 KmHiBTHB2`bX i i?2 ;;`2;i2 H2p2H- M 2tTMbBQM`v }b+H TQHB+v +QmH/
i`B;;2`  iB;?i2MBM; BM i?2 biM+2 Q7 KQM2i`v TQHB+vX h?Bb `2+iBQM Q7 KQM2i`v TQHB+v Bb
H2bb HBF2Hv iQ #2 7QmM/ BM HQ+H }b+H 2tTMbBQMb bm+? b i?2 __ Q` i?2 SHM 1X >2M+2- BM
i?2 2biBKiBQMb Q7 HQ+H }b+H KmHiBTHB2`b- /m##2/ b QT2M@2+QMQKv KmHiBTHB2`b ULFKm`
M/ ai2BMbbQM UkyR9VV- i?2 bm#@MiBQMH 2MiBiB2b BM 7+i +i b bKHH QT2M 2+QMQKB2bX
h?Bb HQ+H@MiBQMH /Bz2`2M+2b ?p2 bBKBH`BiB2b iQ i?2 aTMBb? +QMi2ti rBi?BM Bib +m``2M+v
`2 Ui?2 2m`Q `2VX hQ i?2 2ti2Mi i?i KQM2i`v TQHB+v BM i?2 2m`Q `2 Bb MQi 2t+HmbBp2Hv
b2i ++Q`/BM; iQ aTMBb? +QM/BiBQMb- ;;`2;i2 }b+H TQHB+v BM aTBM Bb H2bb HBF2Hv iQ T`QpQF2
mMBQM@rB/2 KQM2i`v TQHB+v `2bTQMb2bXj3 aBM+2 M2Bi?2` B/BQbvM+`iB+ +?M;2b BM i?2 MiBQM@
rB/2 2+QMQKB+ +QM/BiBQMb Q7 aTBM- MQ` B/BQbvM+`iB+ /Bz2`2M+2b BM i?2 `2HiBp2 2+QMQKB+
T2`7Q`KM+2 Q7 Bib KmMB+BTHBiB2b `2 HBF2Hv iQ ?p2  QM2@iQ@QM2 i`MbHiBQM iQ i?2 `2bTQMb2
Q7 i?2 +m``2M+v@rB/2 KQM2i`v TQHB+v- i?2 aTMBb? b2iiBM; Kv `;m#Hv #2  +QMi2ti r?2`2
d 1pB/2M+2 QM i?2 h`MbKBbbBQM Q7 i?2 aiBKmHmb
hQ mM/2`biM/ i?2 +?MM2H Q7 i`MbKBbbBQM Q7 i?2 biBKmHmb- ?2`2 r2 2tTHQ`2 TQi2MiBH ?2i@
2`Q;2M2Biv BM i?2 `2bTQMb2b /m2 iQ 2+QMQKB+ M/ /2KQ;`T?B+ 7+iQ`b M/ #v +HbbB7vBM;
KmMB+BTHBiB2b ++Q`/BM; iQ i?2B` T2` +TBi #m/;2i M/ i?2 2/m+iBQM H2p2H Q7 i?2B` KvQ`bX
i?2 /Bz2`2M+2b #2ir22M MiBQM@rB/2 M/ HQ+H KmHiBTHB2`b `2 ii2Mmi2/X
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jNh?2 +HbbB}+iBQM Q7 mM2KTHQvK2Mi BM /Bz2`2Mi b2+iQ`b Bb #b2/ QM i?2 +iBpBiv 7`QK i?2 Hbi T`2pBQmb
2KTHQvK2MiX h?Qb2 rBi?Qmi T`2pBQmb 2tT2`B2M+2 `2 MQi bbB;M2/ iQ Mv b2+iQ`X
9yb 2tTHBM2/ #Qp2-  KmMB+BTHBiv `2+2BpBM;  biBKmHmb BK2/ i /2p2HQTBM; HQ+H Tm#HB+ BM7`bi`m+im`2
Kv ?B`2  +QMbi`m+iBQM +QKTMv BM  /Bz2`2Mi KmMB+BTHBivX
dXR 1+QMQKB+ a2+iQ`
q2 2biBKi2  p2`bBQM Q7 2[miBQM UkV r?2`2 i?2 /2T2M/2Mi p`B#H2 #2+QK2b mM2KTHQvK2Mi
BM  ;Bp2M 2+QMQKB+ b2+iQ`, +QMbi`m+iBQM- BM/mbi`v- b2`pB+2b- Q` ;`B+mHim`2XjN h?2 `2bmHib
`2 b?QrM BM 6B;m`2 3 7Q` i?2 HQ+H 2z2+i UH27i +QHmKMV M/ i?2 bTiBH 2z2+i U`B;?i +QHmKMVX
:Bp2M i?i i?2 }b+H biBKmHmb BK2/ i T`QKQiBM; Tm#HB+ BM7`bi`m+im`2- r2 rQmH/ 2tT2+i
i?2 +QMbi`m+iBQM M/- iQ bQK2 2ti2Mi- i?2 BM/mbi`v b2+iQ` iQ #2 i?2 QM2b KQ`2 z2+i2/ mTQM
BKT+iX >Qr2p2`- ;2M2`H 2[mBHB#`BmK 2z2+ib `2bmHiBM; 7`QK `BbBM; /BbTQb#H2 BM+QK2b BM 
;Bp2M b2+iQ` Kv bTBHH Qp2` iQ i?2 `2bi Q7 i?2 2+QMQKvX
ai`iBM; rBi? i?2 /vMKB+b Q7 i?2 +QMbi`m+iBQM b2+iQ`- r2 Q#b2`p2  bB;MB}+Mi- +QM@
i2KTQ`M2Qmb- M/ H`;2 2z2+i i i?2 HQ+H H2p2H UH`;2` i?M i?2 #2M+?K`F `2bmHib 7Q`
mM2KTHQvK2Mi BM HH b2+iQ`bV i?i bHQrHv +QMp2`;2b iQ x2`Q Qp2` i?2 +QMbB/2`2/ ?Q`BxQMX AM@
i2`2biBM;Hv- r?2M +QMbB/2`BM; i?2 bTiBH 2z2+i- r2 ;BM Q#b2`p2  bm#biMiBHHv H`;2 M/
+QMi2KTQ`M2Qmb `2bTQMb2 Q7 mM2KTHQvK2Mi UKQ`2 i?M irB+2 b H`;2 b i?2 #2M+?K`F
`2bmHib 7`QK 6B;m`2 eVX9y
h?2 2z2+i Q7 mM2KTHQvK2Mi QM i?2 BM/mbi`v b2+iQ` ;`Qrb Qp2` iBK2 /m`BM; i?2 }`bi 3
KQMi?b M/ Bb [mMiBiiBp2Hv H`;2, M BM+`2b2 Q7 Ryy 2m`Qb T2` +TBi `2/m+2b mM2KTHQvK2Mi
BM i?2 BM/mbi`BH b2+iQ` #v `QmM/ RW 7i2` bBt KQMi?bX h?2 bTiBH 2z2+i Bb HbQ [mMiBiiBp2Hv
`2H2pMi #mi /Q2b MQi `2bTQMb2 QM BKT+i M/ Bb KQ`2 i`MbBiQ`vX
h?2 /vMKB+b Q7 i?2 b2`pB+2 b2+iQ` `2 bHB;?iHv /Bz2`2Mi, i i?2 HQ+H H2p2H- mM2KTHQvK2Mi
/Q2b MQi bB;MB}+MiHv `2bTQM/ mTQM BKT+i #mi QMHv Hi2`X i i?2 bTiBH H2p2H- i?2 2z2+i
#mBH/b bHQrHv iQr`/b  K;MBim/2 bBKBH` iQ i?2 #2M+?K`F bTiBH 2z2+ib b?QrM BM 6B;m`2 eX
lM2KTHQvK2Mi BM i?2 ;`B+mHim`2 b2+iQ` /Q2b MQi `2bTQM/ bB;MB}+MiHv iQ i?2 }b+H biBK@
mHmb- T`Q##Hv `2~2+iBM; i?i Dmbi 72r T`QD2+ib /B`2+iHv BMpQHp2/ rQ`F2`b 7`QK i?Bb b2+iQ`X
i i?2 HQ+H H2p2H- i?2 QMHv bB;MB}+Mi 2z2+i Q++m`b mTQM BKT+iX i i?2 bTiBH H2p2H- i?2
dXk .2KQ;`T?B+b
:Bp2M i?i i?2 ;2M/2` M/ ;2 /Bbi`B#miBQMb Kv p`v +`Qbb 2+QMQKB+ b2+iQ`b- r2 MQr
BMp2biB;i2 ?Qr i?2 }b+H biBKmHmb z2+i2/ /Bz2`2Mi /2KQ;`T?B+ ;`QmTbX q2 2biBKi2 
M2r p2`bBQM Q7 2[miBQM UkV r?2`2 i?2 /2T2M/2Mi p`B#H2 `2~2+ib mM2KTHQvK2Mi +HbbB}2/
#v ;2M/2` UKH2 M/ 72KH2V M/ ;2 UvQmM;2` i?M k8- k8Ĝ98- M/ QH/2` i?M 98 v2`bVX
`2bTQMb2 ~m+imi2b `QmM/ x2`Q- TQbbB#H2 `2~2+iBM; i?2 `2HiBp2Hv HQr r2B;?i Q7 ;`B+mHim`H
mM2KTHQvK2Mi Qp2` iQiH U`QmM/ jW BM kyy3VX
AM bmK- r2 Q#b2`p2 i?i #Qi? i?2 +QMbi`m+iBQM M/ BM/mbi`BH b2+iQ`b `2 i?2 KQbi `2@
bTQMbBp2 iQ i?2 }b+H biBKmHmbX >Qr2p2`- r2 }M/ 2pB/2M+2 i?i i?Bb 2z2+i bTBHHb Qp2` Hi2` iQ
i?2 #`Q/2` 2+QMQKvX
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6B;m`2 N /BbTHvb i?2 /Bz2`2MiBH `2bTQMb2 Q7 mM2KTHQvK2Mi #v ;2M/2`- #Qi? i i?2 HQ+H
UH27i +QHmKMV M/ bTiBH H2p2Hb U`B;?i +QHmKMVX i i?2 HQ+H H2p2H- KH2 mM2KTHQvK2Mi
`2bTQM/b bB;MB}+MiHv mTQM BKT+iX h?2 2z2+i #2+QK2b +HQb2 iQ x2`Q #v i?2 2M/ Q7 i?2
}`bi v2`X GQQFBM; i i?2 2z2+i `BbBM; 7`QK biBKmHmb BM bm``QmM/BM; KmMB+BTHBiB2b- r2
HbQ Q#b2`p2 i?i KH2 mM2KTHQvK2Mi `2bTQM/b +QMi2KTQ`M2QmbHv M/ BM  KQ`2 T2`bBbi2Mi
KMM2` Ui?2 mM2KTHQvK2Mi +QMi`+iBQM bbQ+Bi2/ iQ i?2 biBKmHmb Bb biBHH bB;MB}+Mi 7i2` Re
KQMi?bVX 62KH2 mM2KTHQvK2Mi- #v +QMi`bi- /Q2b MQi `2bTQM/ +QMi2KTQ`M2QmbHv iQ i?2
b?Q+FX h?Bb Bb +QMbBbi2Mi rBi? i?2 `2bmHib 7`QK 6B;m`2 3- bBM+2 i?2 b2+iQ`b i?i `2bTQM/2/
KQ`2 +H2`Hv mTQM BKT+i U+QMbi`m+iBQM M/ BM/mbi`vV ?p2 `2HiBp2Hv HQr 72KH2 T`2b2M+2X
h?2 2z2+i i i?2 HQ+H H2p2H Bb [mMiBiiBp2Hv H`;2 iQr`/b i?2 2M/ Q7 i?2 }bi v2`- rBi? 72KH2
mM2KTHQvK2Mi HQr2`BM; #v KQ`2 i?M RW 7i2`  }b+H biBKmHmb Q7 Ryy 2m`Qb T2` +TBiX i
i?2 bTiBH H2p2H- i?2 2z2+i Q7 i?2 biBKmHmb QM 72KH2 mM2KTHQvK2Mi Bb MQi bB;MB}+MiX
q2 M2ti MHvx2 i?2 /vMKB+ `2bTQMb2 Q7 mM2KTHQvK2Mi #v ;2 U6B;m`2 RyVX q?2M
+QMbB/2`BM; vQmM; mM2KTHQv2/ T2`bQMb U< 25 v2`bV- r2 /Q MQi Q#b2`p2  ;2M2`HHv bB;MB}+Mi
`2bTQMb2 iQ i?2 }b+H biBKmHmb UM2Bi?2` i i?2 HQ+H MQ` i i?2 bTiBH H2p2HVX h?2 2z2+i Bb
?Qr2p2` [mMiBiiBp2Hv `2H2pMi r?2M +QMbB/2`BM; /mHib ;2/ k8@98 M/ QH/2` /mHib U#Qp2
98 v2`bVX AM i?Qb2 +b2b- r2 Q#b2`p2 i?i i?2 biBKmHmb `2/m+2/ mM2KTHQvK2Mi #Qi? i i?2
HQ+H M/ i?2 bTiBH H2p2HbX
q2 +QM+Hm/2 i?i Bi Bb BKTQ`iMi iQ MQiB+2 i?i i?2 }b+H biBKmHmb ?b  ?2i2`Q;2M2Qmb
BKT+i #Qi? BM [mMiBiiBp2 M/ /vMKB+ i2`Kb 7Q` /Bz2`2Mi ivT2b Q7 rQ`F2`b UKH2 p2`bmb 72@
KH2- vQmM; p2`bmb QH/VX h?2b2 /Bz2`2M+2b `2 HBF2Hv iB2/ iQ i?2 T2`7Q`KM+2 Q7 i?2 2+QMQKB+
b2+iQ`b KQ`2 /B`2+iHv z2+i2/ #v i?2 }b+H biBKmHmbX q2 }M/ i?i i?2b2 bQm`+2b Q7 ?2i2`Q@
;2M2Biv `2 T`iB+mH`Hv `2H2pMi 7Q` i?2 /2bB;M Q7 TQHB+B2b i?i BK i 7Qbi2`BM; 2KTHQvK2Mi
BM  ;2M/2`@#HM+2/ rvX
dXj aBx2 Q7 "m/;2i
h?2 SHM 1 biBKmHmb i`Mb72``2/ i?2 bK2 MQKBMH KQmMib UBM T2` +TBi i2`KbV iQ 2+?
KmMB+BTHBivX h?2 biBKmHmb- ?Qr2p2`- Kv `2T`2b2Mi /Bz2`2Mi `2HiBp2 b?Q+Fb iQ KmMB+BTHB@
iB2b- /2T2M/BM; QM i?2B` H2p2H Q7 bT2M/BM;X 6B;m`2 Ry /BbTHvb i?2 /Bbi`B#miBQM Q7 T2` +TBi
bT2M/BM; BM KmMB+BTH #m/;2ib BM kyyNX9R 6Q` i?2 K2/BM KmMB+BTHBiv- i?2 }`bi rp2 Q7 i?2
biBKmHmb- r?B+? i`Mb72``2/ `QmM/ Rd3 2m`Qb T2` +TBi iQ 2+? KmMB+BTHBiv- BKTHB2b  }b+H
b?Q+F Q7 `QmM/ jyW Q7 i?2B` #m/;2iX 6Q` i?2 8W KmMB+BTHBiB2b rBi? i?2 ?B;?2bi #m/;2i- i?2
biBKmHmb KQmMi2/ iQ RyW Q7 i?2B` MMmH bT2M/BM;X 6Q` i?2 #QiiQK 8W- i?Bb };m`2 `Bb2b
#Qp2 3yWě7Q` bQK2 Q7 i?2K- i?2 biBKmHmb rb ?B;?2` i?M i?2B` MMmH #m/;2i2/ bT2M/BM;X
q2 BMp2biB;i2 ?Qr /Bz2`2Mi i?2 `2bTQMb2 iQ i?2 biBKmHmb rb /2T2M/BM; QM i?2 bBx2 Q7
i?2 `2HiBp2 b?Q+FbX >2M+2- r2 2biBKi2 2[miBQM UkV 7Q` irQ /Bz2`2Mi bKTH2b, QM2 rBi? T2`
9Rh?2 K2/BM bT2M/BM; T2` +TBi BM kyyN KmMB+BTH #m/;2ib Bb `QmM/ 8ey 2m`Qb- rBi? M p2`;2 Q7 Rdy
2m`Qb M/  biM/`/ /2pBiBQM Q7 R-kd8X h?2 7+i i?i MQi HH KmMB+BTHBiB2b `mM i?2 bK2 #m/;2i Kv `2~2+i
TQHBiB+H /Bz2`2M+2b- BM+QK2 H2p2Hb- Q` ;2Q;`T?B+H 7+iQ`b U2X;X i?2 +Qbi Q7 T`QpB/BM; Tm#HB+ BM7`bi`m+im`2 Bb
?B;?2` BM iQrMb rBi? /B{+mHi ++2bbVX
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+TBi bT2M/BM; #2HQr i?2 kyyN K2/BM Ur?B+? r2 H#2H HQr bT2M/BM; KmMB+BTHBiB2bV M/
MQi?2` 7Q` i?Qb2 rBi?  T2` +TBi bT2M/BM; #Qp2 i?2 K2/BM U?B;? bT2M/BM;VX
_2bmHib 7`QK i?2b2 2biBKiBQMb 7Q` i?2 HQ+H M/ bTiBH 2z2+ib UH27i M/ `B;?i TM2Hb- `2@
bT2+iBp2HvV `2 b?QrM BM 6B;m`2 RRX ai`iBM; rBi? i?2 HQ+H 2z2+i- r2 Q#b2`p2  [mMiBiiBp2Hv
/Bz2`2Mi `2bTQMb2 Q7 mM2KTHQvK2Mi 7Q` KmMB+BTHBiB2b rBi? HQr bT2M/BM; M/ i?Qb2 rBi? H`;2
bT2M/BM;X 6Q` i?2 7Q`K2`- i?2 biBKmHmb i`B;;2`b  bB;MB}+Mi +QMi`+iBQM mTQM BKT+i i?i
#mBH/b mT mMiBH i?2 2M/ Q7 i?2 }`bi v2`- rBi?  Ryy@2m`Q T2` +TBi biBKmHmb 2biBKi2/ iQ
`2/m+2 mM2KTHQvK2Mi #v `QmM/ RXkWX 6Q` i?2 Hii2`- i?2 2z2+i Bb MQi bB;MB}+MiX
q?2M +QMbB/2`BM; i?2 bTiBH /BK2MbBQM- i?2 2z2+ib `2 `2HiBp2Hv bBKBH` 7Q` #Qi? ivT2b
Q7 KmMB+BTHBiB2b BM i2`Kb Q7 bBx2- Hi?Qm;? i?2 /vMKB+b `2 [mBi2 /Bz2`2MiX JmMB+BTHBiB2b
rBi? HQr2` bT2M/BM; #2M2}i 7`QK biBKmHmb BM bm``QmM/BM; KmMB+BTHBiB2b /m`BM; i?2 }`bi v2`X
AM i?2 +b2 Q7 KmMB+BTHBiB2b rBi? ?B;? H2p2H Q7 bT2M/BM;- i?Bb #2M2}+BH 2z2+i Q++m`b Hi2`
QM- rBi?  T2F 2z2+i R9 KQMi?b 7i2` i?2 biBKmHmbX
h?2b2 `2bmHib bm;;2bi i?i i?2 `2HiBp2 bBx2 Q7 i?2 b?Q+F Bb M BKTQ`iMi 7+iQ` /`BpBM;
i?2 `2bmHib Q7 i?2 }b+H biBKmHmbX q?2M i?2 biBKmHmb `2T`2b2Mib  ?B;?2` b?`2 Q7 i?2 #m/;2i-
Bi Bb KQ`2 2z2+iBp2 BM `2/m+BM; mM2KTHQvK2MiX >Qr2p2`- Bi Bb BKTQ`iMi iQ MQi2 i?i i?2b2
?2i2`Q;2M2Qmb 2z2+ib Kv `2~2+i Qi?2` 7+iQ`b i?i +mb2 i?2 /Bz2`2MiBH H2p2Hb Q7 bT2M/BM;
U2X;X- TQHBiB+H T`272`2M+2b- BM+QK2 H2p2Hb- ;2Q;`T?B+H 7+iQ`bVX
9k6Q` 2tKTH2- "2bH2v- JQMiHpQ- M/ _2vMH@Zm2`QH UkyRRV }M/ i?i ?pBM; H2/2`b r?Q `2 KQ`2 ?B;?Hv
2/m+i2/ BM+`2b2b 2+QMQKB+ ;`Qri?X
9jk3W Q7 i?2 KmMB+BTHBiB2b BM Qm` bKTH2 #2HQM; iQ i?2 }`bi ;`QmT- BX2X ?/  +QHH2;2@2/m+i2/ KvQ` BM
kyyNX
99AM aTBM- TQr2` i i?2 KmMB+BTH H2p2H Bb b?`2/ #v i?2 KvQ` M/  +Biv +QmM+BH- #mi i?2 KvQ` THvb
 KQ`2 BM~m2MiBH `QH2 U7Q`  /2iBH2/ /2b+`BTiBQM Q7 i?2B` /miB2b- b22 6mDBr` M/ aMx UkyR3VVX >2M+2- r2
7Q+mb QM i?2 2/m+iBQM Q7 i?2 KvQ`X AM Mv +b2- i?2 `2bmHib `2 p2`v bBKBH` B7 r2 +QMbB/2` BMbi2/ i?2
2/m+iBQM Q7 i?2 +Biv +QmM+BHQ`bX
dX9 1/m+iBQM Q7 JvQ`b
h?2`2 Bb 2pB/2M+2 i?i KQ`2 2/m+i2/ TQHBiB+BMb BKTH2K2Mi #2ii2` TQHB+B2bX9k AM Qm` +QM@
i2ti- Bi rb KmMB+BTH ;Qp2`MK2Mib r?Q b2H2+i2/ i?2 T`QD2+ibX >2M+2- r2 2tT2+i i?i KQ`2
2/m+i2/ KmMB+BTH ;Qp2`MK2Mib +QK2 mT rBi? T`QD2+ib i?i `2 KQ`2 2z2+iBp2 BM `2/m+BM;
mM2KTHQvK2MiX
hQ i2bi i?Bb ?vTQi?2bBb- r2 mb2 /i QM i?2 2/m+iBQM Q7 KvQ`b U?2/b Q7 i?2 HQ+H
;Qp2`MK2MibV M/ bTHBi i?2 bKTH2 #b2/ QM r?2i?2` i?2 KvQ` ?/ Ui H2biV  mMBp2`bBiv
mM/2`;`/mi2 /2;`22 Q` MQiX9j99 q2 i?2M 2biBKi2 2[miBQMb URV M/ UkV b2T`i2Hv 7Q` i?2
irQ bm#bKTH2bX h?2 `2bmHib U6B;m`2 RkV `2p2H MQ ?2i2`Q;2M2Qmb `2bTQMb2 #v i?2 2/m+iBQMH
H2p2H Q7 i?2 KvQ`, i?2 2z2+i Q7 i?2 biBKmHmb Bb `2K`F#Hv bBKBH` BM i?2 irQ bm#bKTH2bX
q2 +M i?BMF Q7 i?`22 TQbbB#H2 `2bQMb r?v r2 /Q MQi Q#b2`p2 Mv /Bz2`2MiBH 2z2+ib #v
i?2 2/m+iBQMH H2p2H Q7 i?2 ;Qp2`MK2MiX 6B`bi- r?BH2 i?2 2/m+iBQM Q7 TQHBiB+H H2/2`b Kv
#2 #2M2}+BH BM Qi?2` /QKBMb- Bi Kv MQi ?p2 M BKT+i BM Qm` +QMi2ti Q7  }b+H biBKmHmbX
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a2+QM/- Bi Kv #2 i?i i?2 2/m+iBQM Q7 KvQ`b /Q2b ?p2 M BKT+i BM Qm` +QMi2ti #mi QMHv
BM i?2 HQM; `mM U2X;X KQ`2 2/m+i2/ KvQ`b +?QQb2 KQ`2 T`Q/m+iBpBiv@2M?M+BM; T`QD2+ibV-
M/ ?2M+2 r2 +MMQi Q#b2`p2 i?2 /Bz2`2MiBH 2z2+ibX h?B`/- Bi Kv #2 i?i QMHv TQbi;`/mi2
2/m+iBQM UKbi2`b Q` S?.V Kii2`bX AM Qm` bKTH2- r2 QMHv Q#b2`p2 kX8W Q7 KvQ`b rBi?
TQbi;`/mi2 H2p2H M/ r2 /Q MQi ?p2 2MQm;? biiBbiB+H TQr2` iQ 2biBKi2 i?2 2z2+ib BM
bm+?  bKHH bm#bKTH2X
3 *QM+HmbBQM
.m`BM; i?2 Hbi `2+2bbBQM- ;Qp2`MK2Mib +`Qbb i?2 rQ`H/ 2K#`F2/ BM }b+H 2tTMbBQM`v
T`Q;`Kb iQ T`2p2Mi DQ# /2bi`m+iBQMX AM aTBM- i?2 SHM 1 +?MM2H2/ HKQbi Rj #BHHBQM
2m`Qb U`QmM/ RXkW Q7 :.SV iQ HQ+H mi?Q`BiB2b iQ 2t2+mi2 Tm#HB+ BMp2biK2Mi THMbX h?2
BMbiBimiBQMH /2bB;M Q7 i?Bb T`Q;`K- HQM; rBi? i?2 pBH#BHBiv Q7 /2iBH2/ KmMB+BTHBiv M/
KQMi?Hv mM2KTHQvK2Mi /i- HHQrb mb iQ BKTH2K2Mi  /Bz2`2M+2@BM@/Bz2`2M+2 bi`i2;v iQ
B/2MiB7v i?2 +mbH 2z2+i Q7 i?2 }b+H biBKmHmb QM mM2KTHQvK2MiX
Pm` 2biBKi2 Q7 i?2 KmHiBTHB2` Bb +QKT`#H2 iQ i?Qb2 i i?2 #QiiQK `M;2 Q7 bBKBH`
rQ`FX h?Bb bm;;2bib i?i HQ+H }b+H KmHiBTHB2`b `2 MQi M2+2bb`BHv H`;2` i?M MiBQM@rB/2
U;;`2;i2V KmHiBTHB2`bX q2 ?p2 `;m2/ i?i i?2 /Bz2`2M+2 #2ir22M #Qi? biiBbiB+b Bb HBF2Hv
iQ #2 ii2Mmi2/ BM +QmMi`B2b i?i #2HQM; iQ +m``2M+v mMBQMb- b Bb i?2 +b2 BM aTBMX
Pm` rQ`F QT2Mb mT p2Mm2b 7Q` 7mim`2 `2b2`+?X q?BH2 r2 ?p2 7Q+mb2/ QM i?2 2z2+i
Q7 i?2 }b+H biBKmHmb QM mM2KTHQvK2Mi- i?2`2 `2 Qi?2` `2H2pMi /BK2MbBQMb i?i b?QmH/ #2
iF2M BMiQ +QMbB/2`iBQM r?2M 2pHmiBM; i?2 Qp2`HH BKT+i Q7 i?2 T`Q;`KX 6Q` 2tKTH2-
Bi rQmH/ #2 BMi2`2biBM; iQ b22 ?Qr i?2 biBKmHmb z2+i2/ r2H7`2 BM i?2 K2/BmK M/ HQM; `mMX
q2 H2p2 i?Bb [m2biBQM 7Q` 7mim`2 `2b2`+?X
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_272`2M+2b
HHQx- JX- SX "m``B2H- M/ CX CX Sû`2x UkyR3VX 6Bb+H TQHB+B2b BM i?2 2m`Q `2, `2pBbBiBM;
i?2 bBx2 Q7 bTBHHQp2`bX "M+Q /2 1bTM½ qQ`FBM; ST2` UR3kyVX
M;`Bbi- CX .X- ǀX CQ`/¨- M/ :X JX Em2`bi2BM2` UkyR3VX a2KBT`K2i`B+ 2biBKi2b Q7
KQM2i`v TQHB+v 2z2+ib, bi`BM; i?2Q`v `2pBbBi2/X CQm`MH Q7 "mbBM2bb  1+QMQKB+
aiiBbiB+b jeUjV- jdRĜj3dX
"ti2`- JX M/ _X :X EBM; URNNjVX 6Bb+H TQHB+v BM ;2M2`H 2[mBHB#`BmKX K2`B+M 1+Q@
MQKB+ _2pB2r 3jUjV- jR8Ĝjj9X
"2MiQHBH- aX- SX *?m+- CX CX .QH/Q- M/ hX G2 "`#M+?QM UkyRkVX hrQ@iB2` H#Qm`
K`F2ib BM i?2 :`2i _2+2bbBQM, 6`M+2 p2`bmb aTBMX 1+QMQKB+ CQm`MH RkkU8ekV-
6R88Ĝ6R3dX
"2bH2v- hX- CX :X JQMiHpQ- M/ JX _2vMH@Zm2`QH UkyRRVX .Q 2/m+i2/ H2/2`b Kii2`\
1+QMQKB+ CQm`MH RkRU889V- 6ky8ĜkkdX
"HM+?`/- PX M/ _X S2`QiiB UkyykVX M 2KTB`B+H +?`+i2`BxiBQM Q7 i?2 /vMKB+ 27@
72+ib Q7 +?M;2b BM ;Qp2`MK2Mi bT2M/BM; M/ it2b QM QmiTmiX Zm`i2`Hv CQm`MH Q7
1+QMQKB+b RRdU9V- RjkNĜRje3X
*`QxxB- 6X M/ GX _2T2iiQ UkyRdVX .Bbi`B#miBp2 TQHBiB+b BMbB/2 i?2 +Biv\ h?2 TQHBiB+H
2+QMQKv Q7 aTBMǶ  b SHM 1X JBK2QX
*?Q/Q`Qr@_2B+?- :X UkyRNVX :2Q;`T?B+ +`Qbb@b2+iBQMH }b+H bT2M/BM; KmHiBTHB2`b, q?i
?p2 r2 H2`M2/\ K2`B+M 1+QMQKB+ CQm`MH, 1+QMQKB+ SQHB+v- 7Q`i?+QKBM;X
*?Q/Q`Qr@_2B+?- :X- GX 62Bp2bQM- wX GBb+Qr- M/ qX :X qQQHbiQM UkyRkVX .Q2b bii2 }b+H
`2HB27 /m`BM; `2+2bbBQMb BM+`2b2 2KTHQvK2Mi\ 1pB/2M+2 7`QK i?2 K2`B+M _2+Qp2`v
M/ _2BMp2biK2Mi +iX K2`B+M 1+QMQKB+ CQm`MH, 1+QMQKB+ SQHB+v 9UjV- RR3Ĝ98X
*QMH2v- hX :X M/ "X .mTQ` UkyRjVX h?2 K2`B+M _2+Qp2`v M/ _2BMp2biK2Mi +i, aQH2Hv
 ;Qp2`MK2Mi DQ#b T`Q;`K\ CQm`MH Q7 KQM2i`v 1+QMQKB+b eyU8V- 8j8Ĝ89NX
.ő2x- X Ukyy3VX *HBK bQ+BH i`b Hb 2H2++BQM2b /2H k9@JX ?iiTb,ff2HTBbX+QKf2HTBbf
kyy3fRRfkkf+imHB//fRkkdj989kyn38ykR8X?iKHX
.mTQ`- "X M/ SX "X J+*`Q`v UkyR3VX  +mT `mMM2i? Qp2`, 6Bb+H TQHB+v bTBHHQp2`b 7`QK
i?2 kyyN _2+Qp2`v +iX 1+QMQKB+ CQm`MH Rk3UeRRV- R9deĜR8y3X
6`?B- 1X M/ AX q2`MBM; UkyReVX 6Bb+H KmHiBTHB2`b, GB[mB/Biv i`Tb M/ +m``2M+v mMBQMbX
oQHmK2 k Q7 >M/#QQF Q7 J+`Q2+QMQKB+b- TTX k9Rd Ĝ k9NkX 1Hb2pB2`X
6mDBr`- hX M/ *X aMx UkyR3VX _MF 2z2+ib BM #`;BMBM;, 1pB/2M+2 7`QK ;Qp2`MK2Mi
7Q`KiBQMX _2pB2r Q7 1+QMQKB+ aim/B2b 7Q`i?+QKBM;X
>m#2`- EX UkyR3VX .Bb2MiM;HBM; i?2 2z2+ib Q7  #MFBM; +`BbBb, 1pB/2M+2 7`QK :2`KM
}`Kb M/ +QmMiB2bX K2`B+M 1+QMQKB+ _2pB2r Ry3UjV- 3e3ĜN3X
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CQ`/¨- ǀX Ukyy8VX 1biBKiBQM M/ BM72`2M+2 Q7 BKTmHb2 `2bTQMb2b #v HQ+H T`QD2+iBQMbX
K2`B+M 1+QMQKB+ _2pB2r N8URV- ReRĜR3kX
CQ`/¨- ǀX M/ X JX hvHQ` UkyReVX h?2 iBK2 7Q` mbi2`Biv, 2biBKiBM; i?2 p2`;2 i`2i@
K2Mi 2z2+i Q7 }b+H TQHB+vX 1+QMQKB+ CQm`MH RkeU8NyV- kRNĜk88X
JBMBbi2`BQ /2 SQHőiB+ h2``BiQ`BH v /KBMBbi`+BƦM Sȹ#HB+ UkyRyVX AM7Q`K2 /2 a2;mBKB2MiQ
/2H 6QM/Q 1biiH /2 AMp2`bBƦM GQ+H U61AGVX a2+`2i`ő :2M2`H hû+MB+- J/`B/-
aTBMX
JBMBbi2`BQ /2 SQHőiB+ h2``BiQ`BH v /KBMBbi`+BƦM Sȹ#HB+ UkyRRVX AKT+iQ h2``B`iQ`BH /2H
6QM/Q 1biiH T` 2H 1KTH2Q v H aQbi2MB#BHB// GQ+H U611aGVX a2+`2i`ő :2M2`H
hû+MB+- J/`B/- aTBMX
JQMiQHBQ- .X UkyR3VX h?2 2z2+ib Q7 HQ+H BM7`bi`m+im`2 BMp2biK2Mi QM +`BK2X G#Qm` 1+Q@
MQKB+b 7Q`i?+QKBM;X
JQ`2iiB- 1X UkyRyVX GQ+H KmHiBTHB2`bX K2`B+M 1+QMQKB+ _2pB2r RyyUkV- jdjĜddX
LFKm`- 1X M/ CX ai2BMbbQM UkyR9VX 6Bb+H biBKmHmb BM  KQM2i`v mMBQM, 1pB/2M+2
7`QK la `2;BQMbX K2`B+M 1+QMQKB+ _2pB2r Ry9UjV- d8jĜNkX
LB+F2HH- aX URN3RVX "Bb2b BM /vMKB+ KQ/2Hb rBi? }t2/ 2z2+ibX 1+QMQK2i`B+ 9NUeV- R9RdĜ
R9keX
_K2v- oX X UkyReVX J+`Q2+QMQKB+ b?Q+Fb M/ i?2B` T`QT;iBQMX AM >M/#QQF Q7
J+`Q2+QMQKB+b- oQHmK2 k- TTX dRĜRekX 1Hb2pB2`X
_K2v- oX X UkyR3VX h2M v2`b 7i2` i?2 }MM+BH +`BbBb, q?i ?p2 r2 H2`M2/ 7`QK
i?2 `2MBbbM+2 BM }b+H `2b2`+?\ h2+?MB+H `2TQ`i- S`2b2Mi2/ i i?2 L"1_ ǳ:HQ#H
6BMM+BH *`BbBb RyǴX
a?Q;- .X UkyR8VX h?2 BKT+i Q7 ;Qp2`MK2Mi bT2M/BM; b?Q+Fb, 1pB/2M+2 QM i?2 KmHiBTHB2`
7`QK bii2 T2MbBQM THM `2im`MbX lMTm#HBb?2/ KMmb+`BTiX
am`2x a2``iQ- CX *X M/ SX qBM;2M/2` UkyReVX 1biBKiBM; HQ+H }b+H KmHiBTHB2`bX lM@
Tm#HBb?2/ KMmb+`BTiX
qBHbQM- .X CX UkyRkVX 6Bb+H bT2M/BM; DQ#b KmHiBTHB2`b, 1pB/2M+2 7`QK i?2 kyyN K2`B+M
_2+Qp2`v M/ _2BMp2biK2Mi +iX K2`B+M 1+QMQKB+ CQm`MH, 1+QMQKB+ SQHB+v 9UjV-
k8RĜ3kX
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6B;m`2b
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Starting date of project
LQi2b, .Bbi`B#miBQM Q7 bi`iBM; /i2b Q7 T`QD2+ibX "BMb `2 Ry@/v rB/2X
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2006m1 2008m1 2010m1 2012m1 2014m1 2016m1
Date
unemployment (left) fiscal stimulus (right)
LQi2b, h?2 #Hm2 HBM2 `2T`2b2Mi KQMi?Hv mM2KTHQvK2Mi #2ir22M kyyeKR M/ kyR8KRkX h?2 `2/ HBM2 `2T`2b2Mib
i?2 bBx2 Q7 i?2 }b+H biBKmHmbX
BANCO DE ESPAÑA 28 DOCUMENTO DE TRABAJO N.º 1922































−24 −16 −8 0 8 16 24
Months relative to shock
LQi2b, "Hm2 TQBMib `2T`2b2Mi i?2 /vMKB+ `2bTQMb2 Q7 mM2KTHQvK2Mi iQ  }b+H biBKmHmb Q7 QM2 2m`Q T2`
+TBiX o2`iB+H HBM2b `2 N8W +QM}/2M+2 #M/b +QKTmi2/ mbBM; biM/`/ 2``Q`b +Hmbi2`2/ #v KmMB+BTHBivX
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Months relative to shock
benchmark 0 lags yt 6 lags yt
12 lags yt 6 lags xt 24 lags xt
LQi2b, "Hm2 TQBMib `2T`2b2Mi i?2 /vMKB+ `2bTQMb2 Q7 mM2KTHQvK2Mi iQ  }b+H biBKmHmb Q7 QM2 2m`Q T2`
+TBi- mM/2` /Bz2`2Mi /vMKB+ bT2+B}+iBQMbX o2`iB+H HBM2b `2 N8W +QM}/2M+2 #M/b +QKTmi2/ mbBM;
biM/`/ 2``Q`b +Hmbi2`2/ #v KmMB+BTHBivX
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Months relative to shock
benchmark with dep. var. outliers
with 2009 indep. var. outliers with 2010 indep. var. outliers
LQi2b, "Hm2 TQBMib `2T`2b2Mi i?2 /vMKB+ `2bTQMb2 Q7 mM2KTHQvK2Mi iQ  }b+H biBKmHmb Q7 QM2 2m`Q T2`
+TBi- 7Q` /Bz2`2Mi bKTH2bX o2`iB+H HBM2b `2 N8W +QM}/2M+2 #M/b +QKTmi2/ mbBM; biM/`/ 2``Q`b +Hmb@
i2`2/ #v KmMB+BTHBivX
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Months Relative to Shock
LQi2b, "Hm2 TQBMib `2T`2b2Mi i?2 /vMKB+ `2bTQMb2 Q7 mM2KTHQvK2Mi BM  KmMB+BTHBiv iQ M BM+`2b2 BM R
2m`Q T2` +TBi 7`QK i?2 }b+H biBKmHmb BM bm``QmM/BM; KmMB+BTHBiB2b UrBi?BM kyFKVX o2`iB+H HBM2b `2 N8W
+QM}/2M+2 #M/b +QKTmi2/ mbBM; biM/`/ 2``Q`b +Hmbi2`2/ #v KmMB+BTHBivX
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Time (months)
local effect spatial effect
LQi2b, "Hm2 #`b `2T`2b2Mi i?2 iQiH MmK#2` Q7 DQ#b +`2i2/ T2` KBHHBQM 2m`Qb bT2Mi BM i?2 KmMB+BTHBivX
u2HHQr #`b `2T`2b2Mi i?2 iQiH MmK#2` Q7 DQ#b +`2i2/ T2` KBHHBQM 2m`Qb bT2Mi BM bm``QmM/BM; KmMB+BTHBiB2b
UrBi?BM kyFKVX
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6B;m`2 3, _2bTQMb2 Q7 mM2KTHQvK2Mi #v b2+iQ`b
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Months relative to shock
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Months relative to shock
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Months relative to shock
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Months relative to shock
LQi2b, "Hm2 TQBMib `2T`2b2Mi i?2 /vMKB+ `2bTQMb2 Q7 mM2KTHQvK2Mi BM  KmMB+BTHBiv iQ M BM+`2b2 BM R 2m`Q
T2` +TBi 7`QK i?2 }b+H biBKmHmb BM i?2 bK2 KmMB+BTHBiv UHQ+H 2z2+i- BM H27i +QHmKMV M/ BM bm``QmM/BM;
KmMB+BTHBiB2b UbTiBH 2z2+i- BM `B;?i +QHmKMVX 1+? `Qr b?Qrb i?2 `2bTQMb2 Q7 `2;Bbi2`2/ mM2KTHQvK2Mi
7`QK /Bz2`2Mi 2+QMQKB+ b2+iQ`bX o2`iB+H HBM2b `2 N8W +QM}/2M+2 #M/b +QKTmi2/ mbBM; biM/`/ 2``Q`b
+Hmbi2`2/ #v KmMB+BTHBivX
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6B;m`2 N, _2bTQMb2 Q7 mM2KTHQvK2Mi #v ;2M/2`
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Months relative to shock
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Months relative to shock
LQi2b, "Hm2 TQBMib `2T`2b2Mi i?2 /vMKB+ `2bTQMb2 Q7 mM2KTHQvK2Mi BM  KmMB+BTHBiv iQ M BM+`2b2 BM
R 2m`Q T2` +TBi 7`QK i?2 }b+H biBKmHmb BM i?2 bK2 KmMB+BTHBiv UHQ+H 2z2+i- BM H27i +QHmKMV M/ BM
bm``QmM/BM; KmMB+BTHBiB2b UbTiBH 2z2+i- BM `B;?i +QHmKMVX lTT2` M/ #QiiQK `Qrb b?Qr i?2 `2bTQMb2 Q7
KH2 M/ 72KH2 `2;Bbi2`2/ mM2KTHQvK2Mi- `2bT2+iBp2HvX o2`iB+H HBM2b `2 N8W +QM}/2M+2 #M/b +QKTmi2/
mbBM; biM/`/ 2``Q`b +Hmbi2`2/ #v KmMB+BTHBivX
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Municipal expenditure (budget) per capita in 2009
LQi2b, .Bbi`B#miBQM Q7 i?2 `iBQ Q7 bT2M/BM; iQ TQTmHiBQM 7`QK KmMB+BTH #m/;2ibX
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6B;m`2 RR, _2bTQMb2 Q7 mM2KTHQvK2Mi #v bT2M/BM; T2` +TBi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Months relative to shock
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Months relative to shock
low spending high spending
LQi2b, SQBMib `2T`2b2Mi i?2 /vMKB+ `2bTQMb2 Q7 mM2KTHQvK2Mi BM  KmMB+BTHBiv iQ M BM+`2b2 BM R 2m`Q
T2` +TBi 7`QK i?2 }b+H biBKmHmb BM i?2 bK2 KmMB+BTHBiv UHQ+H 2z2+i- BM H27i +QHmKMV M/ BM bm``QmM/BM;
KmMB+BTHBiB2b UbTiBH 2z2+i- BM `B;?i +QHmKMVX "Hm2 M/ v2HHQr HBM2b `272` iQ bT2M/BM; T2` +TBi #2HQr
M/ #Qp2 K2/BM- `2bT2+iBp2HvX o2`iB+H HBM2b `2 N8W +QM}/2M+2 #M/b +QKTmi2/ mbBM; biM/`/ 2``Q`b
+Hmbi2`2/ #v KmMB+BTHBivX
6B;m`2 Rk, _2bTQMb2 Q7 mM2KTHQvK2Mi #v H2p2H Q7 2/m+iBQM Q7 JvQ`b
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Months relative to shock























−24 −16 −8 0 8 16 24
Months relative to shock
without college with college
LQi2b, SQBMib `2T`2b2Mi i?2 /vMKB+ `2bTQMb2 Q7 mM2KTHQvK2Mi BM  KmMB+BTHBiv iQ M BM+`2b2 BM R 2m`Q
T2` +TBi 7`QK i?2 }b+H biBKmHmb BM i?2 bK2 KmMB+BTHBiv UHQ+H 2z2+i- BM H27i +QHmKMV M/ BM bm``QmM/BM;
KmMB+BTHBiB2b UbTiBH 2z2+i- BM `B;?i +QHmKMVX "Hm2 M/ v2HHQr HBM2b `272` iQ H2p2H Q7 2/m+iBQM T2` +TBi
rBi? M/ rBi?Qmi +QHH2;2 2/m+iBQM- `2bT2+iBp2HvX o2`iB+H HBM2b `2 N8W +QM}/2M+2 #M/b +QKTmi2/ mbBM;
biM/`/ 2``Q`b +Hmbi2`2/ #v KmMB+BTHBivX
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h#H2b
h#H2 R, CQ#b KmHiBTHB2`b U2KTHQvK2Mi +`2iBQM T2` KBHHBQM 2m`QbV- HQ+H 2z2+i
BKT+i jK eK RkK k9K T2F
TQBMi 2biBKX @yX33 @kXdk @jXe @9X9e @jXdd @8XeN
*A e3W (@RXe-@yXk) (@9Xy-@RX8) (@8XR-@kXk) (@eX3-@kXk) (@8Xe-@kXy) (@dXk-@9Xj)
*A N8W (@kXj-yX8) (@8Xk-@yXj) (@eX8-@yX3) (@NXy-@yXR) (@dX9-@yXk) (@3Xe-@jXy)
LQi2b, h?2 }`bi `Qr b?Qr i?2 2biBKi2/ DQ#b KmHiBTHB2` BM  KmMB+BTHBiv UMmK#2` Q7 DQ#b +`2i2/ T2` KBHHBQM
2m`Qb bT2Mi BM i?2 bK2 KmMB+BTHBivVX a2+QM/ M/ i?B`/ `Qrb /BbTHv e3 M/ N8W +QM}/2M+2 BMi2`pHb-
`2bT2+iBp2HvX
h#H2 k, CQ#b KmHiBTHB2`b U2KTHQvK2Mi +`2iBQM T2` KBHHBQM 2m`QbV- bTiBH 2z2+i
BKT+i jK eK RkK k9K T2F
TQBMi 2biBK @yXk9 @yX99 @yX8j @yXjj @yXk8 @yX8N
*A e3W (@yXjk-@yXRe) (@yXey-@yXk3) (@yXdj-@yXj9) (@yX8e-@yXRy) (@yX93-@yXyk) (@yX3R-@yXjd)
*A N8W (@yXjN-@yXy3) (@yXde-@yXRk) (@yXNk-@yXR8) (@yXdd-yXRk) (@yXdR-yXkR) (@RXyk-@yXRe)
LQi2b, h?2 }`bi `Qr b?Qr i?2 2biBKi2/ DQ#b KmHiBTHB2` BM  KmMB+BTHBiv UMmK#2` Q7 DQ#b +`2i2/ T2`
KBHHBQM 2m`Qb bT2Mi BM i?2 bm``QmM/BM; KmMB+BTHBiB2b rBi?BM kyFKVX a2+QM/ M/ i?B`/ `Qrb /BbTHv e3 M/
N8W +QM}/2M+2 BMi2`pHb- `2bT2+iBp2HvX
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PMHBM2 TT2M/B+2b
TT2M/Bt 6B;m`2b





























2004 2006 2008 2010 2012 2014 2016
initial budget actual budget
LQi2b, h?2 #Hm2 HBM2 `2T`2b2Mib i?2 bmK Q7 +TBiH i`Mb72`b `2+2Bp2/ #v HH KmMB+BTHBiB2b BM aTBM- b `2~2+i2/
BM i?2 BMBiBH #m/;2iX h?2 `2/ HBM2 `2T`2b2Mib i?2 bK2 p`B#H2 b `2~2+i2/ BM i?2 +imH- 2t2+mi2/ #m/;2iX
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LQi2b, .Bbi`B#miBQM Q7 i?2 p2`;2 bi`iBM; /i2 Q7 T`QD2+ibX
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Months relative to shock
LQi2b, "Hm2 TQBMib `2T`2b2Mi i?2 /vMKB+ `2bTQMb2 Q7 2KTHQvK2Mi UaQ+BH a2+m`Biv {HBiBQMbV iQ  }b+H
biBKmHmb Q7 QM2 2m`Q T2` +TBiX o2`iB+H HBM2b `2 N8W +QM}/2M+2 #M/b +QKTmi2/ mbBM; biM/`/ 2``Q`b
+Hmbi2`2/ #v KmMB+BTHBivX
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Months relative to shock
local effect (benchmark specification)
direct effect (spatial specification)
LQi2b, "Hm2 M/ v2HHQr TQBMib `2T`2b2Mi i?2 /vMKB+ `2bTQMb2 Q7 mM2KTHQvK2Mi BM  KmMB+BTHBiv iQ M
BM+`2b2 BM QM2 2m`Q T2` +TBi 7`QK i?2 }b+H biBKmHmb BM i?2 bK2 KmMB+BTHBiv 2biBKi2/ 7`QK 2[miBQMb R
M/ k- `2bT2+iBp2HvX o2`iB+H HBM2b `2 N8W +QM}/2M+2 #M/b +QKTmi2/ mbBM; biM/`/ 2``Q`b +Hmbi2`2/ #v
KmMB+BTHBivX
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Months relative to shock
R=20 R=10 R=30
LQi2b, SQBMib `2T`2b2Mi i?2 /vMKB+ `2bTQMb2 Q7 mM2KTHQvK2Mi BM  KmMB+BTHBiv iQ M BM+`2b2 BM R 2m`Q
T2` +TBi 7`QK i?2 }b+H biBKmHmb BM i?2 bm``QmM/BM; KmMB+BTHBiB2b 7Q` /Bz2`2Mi `/BB URy- ky- M/ jy FKVX
o2`iB+H HBM2b `2 N8W +QM}/2M+2 #M/b +QKTmi2/ mbBM; biM/`/ 2``Q`b +Hmbi2`2/ #v KmMB+BTHBivX
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Months relative to shock
benchmark 0 lags yt 6 lags yt
12 lags yt 6 lags xt 24 lags xt
LQi2b, "Hm2 TQBMib `2T`2b2Mi i?2 /vMKB+ `2bTQMb2 Q7 2KTHQvK2Mi BM  KmMB+BTHBiv iQ M BM+`2b2 BM R
2m`Q T2` +TBi 7`QK i?2 }b+H biBKmHmb BM i?2 bm``QmM/BM; KmMB+BTHBiB2b UrBi?BM kyFKV- mM/2` /Bz2`2Mi
/vMKB+ bT2+B}+iBQMbX o2`iB+H HBM2b `2 N8W +QM}/2M+2 #M/b +QKTmi2/ mbBM; biM/`/ 2``Q`b +Hmbi2`2/
#v KmMB+BTHBivX
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Months relative to shock
benchmark with dep.var. outliers
with 2009 indep. var. outliers with 2010 indep. var. outliers
LQi2b, "Hm2 TQBMib `2T`2b2Mi i?2 /vMKB+ `2bTQMb2 Q7 mM2KTHQvK2Mi BM  KmMB+BTHBiv iQ M BM+`2b2 BM
R 2m`Q T2` +TBi 7`QK i?2 }b+H biBKmHmb BM i?2 bm``QmM/BM; KmMB+BTHBiB2b UrBi?BM kyFKV- 7Q` /Bz2`2Mi
bKTH2bX o2`iB+H HBM2b `2 N8W +QM}/2M+2 #M/b +QKTmi2/ mbBM; biM/`/ 2``Q`b +Hmbi2`2/ #v KmMB+BTHBivX
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Months relative to shock
LQi2b, "Hm2 TQBMib `2T`2b2Mi i?2 /vMKB+ `2bTQMb2 Q7 2KTHQvK2Mi UaQ+BH a2+m`Biv {HBiBQMbV BM  KmMB+B@
THBiv iQ M BM+`2b2 BM R 2m`Q T2` +TBi 7`QK i?2 }b+H biBKmHmb BM i?2 bm``QmM/BM; KmMB+BTHBiB2b UrBi?BM
kyFKVX o2`iB+H HBM2b `2 N8W +QM}/2M+2 #M/b +QKTmi2/ mbBM; biM/`/ 2``Q`b +Hmbi2`2/ #v KmMB+BTHBivX
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6B;m`2 Ry, _2bTQMb2 Q7 mM2KTHQvK2Mi #v ;2
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Months relative to shock
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Months relative to shock
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Months relative to shock
LQi2b, "Hm2 TQBMib `2T`2b2Mi i?2 /vMKB+ `2bTQMb2 Q7 mM2KTHQvK2Mi BM  KmMB+BTHBiv iQ M BM+`2b2 BM
R 2m`Q T2` +TBi 7`QK i?2 }b+H biBKmHmb BM i?2 bK2 KmMB+BTHBiv UHQ+H 2z2+i- BM H27i +QHmKMV M/ BM
bm``QmM/BM; KmMB+BTHBiB2b UbTiBH 2z2+i- BM `B;?i +QHmKMVX lTT2`- KB//H2- M/ #QiiQK `Qrb b?Qr i?2
`2bTQMb2 Q7 `2;Bbi2`2/ mM2KTHQvK2Mi KQM;bi vQmM; rQ`F2`b UmT iQ k8 v2`bV- /mHib Uk8@98 v2`bV M/
QH/2` rQ`F2`b U#Qp2 98V- `2bT2+iBp2HvX o2`iB+H HBM2b `2 N8W +QM}/2M+2 #M/b +QKTmi2/ mbBM; biM/`/
2``Q`b +Hmbi2`2/ #v KmMB+BTHBivX
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98a22 7Q` 2tKTH2 "HM+?`/ M/ S2`QiiB UkyykV 7Q`  b2KBMH 2biBKiBQM Q7 i?2 ;;`2;i2 QmiTmi KmHiBTHB2`b
BM i?2 la M/ _K2v UkyR3V 7Q`  `2+2Mi `2pB2rX
TT2M/Bt, JTTBM; CQ#b JmHiBTHB2`b iQ PmiTmi JmHiB@
THB2`b
;;`2;i2 MiBQM@rB/2 ;Qp2`MK2Mi bT2M/BM; KmHiBTHB2`b `2 Q7i2M 2tT`2bb2/ BM i2`K Q7 +?M;2b
BM /QHH`b Q7 QmiTmi T2` /QHH` Q7 Tm#HB+ bT2M/BM;X98 AM +QMi`bi- HQ+H }b+H KmHiBTHB2`b `2
Q7i2M 2tT`2bb2/ BM i2`Kb Q7 DQ#b Q` 2KTHQvK2Mi KmHiBTHB2`b /m2 iQ i?2 H+F Q7 QmiTmi i  ;2@
Q;`T?B+HHv /Bb;;`2;i2/ H2p2HX AM i?2 +b2 Q7 aTBM- Hi?Qm;? i?2`2 Bb  HBKBi2/ pBH#BHBiv
Q7 MMmH `2;BQMH K2bm`2b Q7 QmiTmi- i?2b2 /Q MQi 2tBbi i i?2 KmMB+BTH H2p2HX
AM i?Bb b2+iBQM- r2 7QHHQr *?Q/Q`Qr@_2B+? UkyRNV iQ 2bi#HBb? M TT`QtBKi2 KTTBM;
#2ir22M i?2 2KTHQvK2Mi M/ QmiTmi KmHiBTHB2`bX








r?2`2 Yt+h Bb QmiTmi i T2`BQ/ t + h M/ Et+h /2MQi2b 2KTHQvK2Mi UMmK#2` Q7 rQ`F2`b
BM i?2 2+QMQKvVX βYh K2bm`2b i?2 QmiTmi KmHiBTHB2` iQ  }b+H b?Q+F U+?M;2 BM /QHH`b Q7
QmiTmi T2` +?M;2 Q7 /QHH`b BM ;Qp2`MK2Mi bT2M/BM;V- r?B+? Bb i?2 Q#D2+i i?i r2 rMi iQ
`2+Qp2`X βEh Bb i?2 DQ#b KmHiBTHB2`b- b 2biBKi2/ BM b2+iBQMb 9 M/ 8X
6Q` +QMp2MB2M+2- r2 /2}M2 i?2 T2`+2Mi;2 /2pBiBQMb Q7 QmiTmi M/ 2KTHQvK2Mi /m2










i?2 +?M;2 BM bT2M/BM; b  b?`2 Q7 iQiH QmiTmiX q2 +M i?2M 2tT`2bb i?2







L2ti- +QMbB/2`  T`Q/m+iBQM 7mM+iBQM b,






r?2`2 Lt = HtEt Bb i?2 iQiH MmK#2` Q7 H#Q` UK2bm`2/ BM ?Qm`bV bmTTHB2/ BM M 2+QMQKv BM
iBK2 tX KPt M/ KGt `2T`2b2Mi T`Bpi2 M/ Tm#HB+ +TBiH- `2bT2+iBp2HvX h?2 KQbi BKTQ`iMi
bBKTHB}+iBQM Q7 i?Bb MHvbBb Bb iQ bbmK2 i?i α = ζ = 0- i?i Bb- M2Bi?2` T`Bpi2 Q` Tm#HB+
+TBiH #2+QK2 pBH#H2 7Q` i?2 T`Q/m+iBQM BM iBK2 tX q?BH2 i?Bb Bb  THmbB#H2 bbmKTiBQM
Q7i2M 2M+QmMi2`2/ BM K+`Q2+QMQKB+ KQ/2Hb- Bi KF2b Qm` +H+mHiBQM QMHv BM7Q`KiBp2 7Q`
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9eh?2 }MH 2z2+i Q7 Tm#HB+ BMp2biK2Mi QM QmiTmi /2T2M/b +`m+BHHv QM i?2 T`K2i2` ζ- r?B+? K2bm`2b
i?2 2{+B2M+v Q7 Tm#HB+ +TBiHX "ti2` M/ EBM; URNNjV }M/ i?i Tm#HB+ BMp2biK2Mi +M +`Qr/ BM T`Bpi2
BMp2biK2Mi BM  +HB#`i2/ ;2M2`H 2[mBHB#`BmK KQ/2H 2p2M 7Q` HQr T`K2i2`b Q7 ζ- /2HBp2`BM; M ;;`2;i2
KmHiBTHB2` KmHiBTHB2` Q7 #Qp2 9 BM i?2 HQM; `mMX HHQx- "m``B2H- M/ Sû`2x UkyR3V mb2 ;;`2;i2 iBK2 b2`B2b
p`BiBQM iQ }M/ i?i i?2 QmiTmi KmHiBTHB2` 7`QK Tm#HB+ BMp2biK2Mi BM aTBM Bb yXj mTQM BKT+i `BbBM; mT
iQ RXRX #v i?2 2M/ Q7 i?2 }`bi v2`- M/ `QmM/ kXj #v i?2 b2+QM/ v2`X
9dG#Q` b?`2 γ Bb `QmM/ yXej mbBM; biM/`/ +H+mHiBQMb M/ aTMBb? MiBQMH ++QmMib /iX .i 7Q`
iQiH 2KTHQvK2Mi- MQKBMH QmiTmi- M/ ?Qm`b T2` rQ`F2` `2 Q#iBM2/ 7`QK i?2 aTMBb? LiBQMH aiiBbiB+b
AMbiBimi2 UAL1V 7Q` v2`b kyy3ĜkyRkX
i?2 b?Q`i `mMX 6Q` K2/BmK M/ HQM;@`mM ?Q`BxQMb Bi Bb b2MbB#H2 iQ bbmK2 i?i #Qi? Tm#HB+
M/ T`Bpi2 +TBiH rBHH #2+QK2 mb#H2X lM/2` i?2 +QKKQM bbmKTiBQM i?i i?2 K`;BMH
T`Q/m+i Q7 H#Q` Bb BM+`2bBM; BM #Qi? ivT2b Q7 +TBiH- Qm` +H+mHiBQM rBHH `2+Qp2`  bi`B+i




/2MQi2 i?2 T2`+2Mi;2 p`BiBQM BM ?Qm`b T2` rQ`F2` M/ χ = ht
et
i?2
2HbiB+Biv Q7 i?2 ?Qm`b T2` rQ`F2` iQ iQiH 2KTHQvK2MiX q2 +M i?2M 2tT`2bb i?2 QmiTmi









≈ (1− γ)(1 + χ)Yy
Et
βEh .
AM i?2 +b2 Q7 i?2 la- *?Q/Q`Qr@_2B+? UkyRNV `;m2b i?i (1−γ)(1+χ) ≈ 1- +QM+Hm/BM;
i?i i?2 QmiTmi KmHiBTHB2` +M #2 TT`QtBKi2/ #v Dmbi +QMbB/2`BM; i?2 2KTHQvK2Mi KmHiB@
THB2` UBM i2`Kb Q7 +Qbi T2` DQ#V #v QmiTmi T2` rQ`F2` UYt/EtVX 6Q` i?2 +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M/ RXjX9d
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#Qmi Rdy-yyy 2m`Qb
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